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THE   WEEHAWKEN  ELEVATORS  AND  VIADUCT. 


By  Thomas  E.  Beo^'n,  Jr. ,  M.  Am,  Soc,  C.  E. ,  and 
George  H.  Blakeley,  Jun.  Am.  Soc.  C.  E. 


GENERAL  DESCRIPTION.     . 
By  George  H.  BiiAKELEY,  Jim.  Am.  Soc.  C.  E. 


This  structure  was  constructed  as  a  part  of  a  general  plan  to  provide 
rapid  transit  for  the  northern  part  of  Hudson  County,  N.  J.,  by  the 
North  Hudson  County  Railway  Company,  which  owns  and  operates  all 
the  surface  and  elevated  lines  of  railway  north  of  Pavonia  Avenue  in 
Jersey  City.  It  is  situated  at  Weehawken,  opposite  the  foot  of  West 
49th  Street,  New  York  City,  on  the  lands  of  the  New  York,  West  Shore 
and  Buffalo  Railroad  Company,  and  is  reached  by  ferries  from  the  foot 
of  Jay  Street  and  West  42d  Street,  New  York. 

The  structure  is  designed  for  carrying  a  double  track  standard  gauge 
railroad  to  connect  the  surface  and  horse-car  lines  on  the  summit  of  the 
Palisades  with  the  West  Shore  ferries,  and  provide  easy  and  rapid 
commixnication   with  the  City  of  New  York.      The  general  i)lan  was 
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devised  to  meet  the  requirements  of  tlie  situation  by  the  late  Mr.  J.  H. 
Bonn,  President  of  the  North  Hudson  County  Railway  Company. 
Several  plans  for  the  structure  had  been  considered  before  the  final 
plan  upon  which  it  is  now  built  was  adopted.  The  first  plan  considered 
was  for  the  construction  of  a  tower,  located  at  the  base  of  the  Palisades, 
provided  with  elevators  of  sufficient  capacity  for  lifting  ordinary  light 
passenger  railway  coaches  from  the  foot  of  the  bluflf  to  the  top  of  the 
tower,  from  which  point  a  short,  level  span  would  connect  with  the 
summit  of  the  hill.  An  inclined  rack  railway  was  also  discussed. 
After  consideration  of  the  subject,  the  railroad  company  adopted  the 
present  plan,  in  which  the  railroad  runs  out  from  the  level  of  the  top 
of  the  Palisades  to  a  terminal  station  situated  nearly  over  the  ferry 
house  of  the  "West  Shore  Railroad,  and  elevators  provided  for  lifting 
and  lowering  the  passengers  between  the  ferry  house  and  the  level  of 
the  elevated  railroad  above  (Plates  I-II). 

Preliminary  surveys  and  borings  for  the  foundations,  and  plans  and 
approximate  estimates  of  cost,  were  made  in  the  fall  of  1889.  Financial 
arrangements  having  been  completed,  the  construction  was  begun  in 
the  fall  of  1890. 

The  structure  as  first  designed  was  proportioned  for  carrying' traffic 
of  the  same  magnitude  and  with  the  same  motive  power  as  that  in  use 
on  the  elevated  railways  in  New  York,  namely,  21-ton  rapid-transit 
locomotives  on  each  track.  But  the  consideration  of  the  locality,  and 
the  possibility  of  the  development  of  greater  suburban  traffic  in  the 
future,  led  the  writer  to  advocate  the  proportioning  of  the  structure 
for  much  heavier  loads.  For  several  years  a  charter  has  been  in  exist- 
ence for  the  construction  of  an  inclined  railway  up  the  face  of  the 
Palisades,  to  reach  the  desirable  residence  locality  sitixated  on  the  top 
of  the  bluff"  on  the  western  shore  of  the  Hudson  River,  but  no  efforts 
have  been  made  to  carry  out  construction  under  this  charter.  The 
Palisades  at  this  place  rise  abruptly,  a  short  distance  west  of  the  river, 
with  a  slope  so  steep  as  to  preclude  easy  access  to  the  summit  except 
by  the  construction  of  steep  roadways,  undesirable  for  ordinary  wagon 
traffic. 

The  summit  of  the  Palisades  at  this  point  is  a  plateau  about  a 
mile  in  width  which  extends  to  a  point  nearly  opposite  Yonkers,  with 
an  elevation  varying  from  200  to  350  feet  above  the  Hudson  River. 
The   western   slope   is   a   gradual   one,  and   along  its  base  runs  the 
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Northern  Eaili'oad  of  New  Jersey,  biit  at  such  a  distance  from  the 
summit  as  to  discourage  the  development  of  small  residence  towns. 
The  amount  of  traffic  which  the  constriaction  of  this  viaduct,  and  the 
extensidii  of  a  railway  northward  might  reasonably  be  exi^ected  to 
develop  in  this  locality,  can  be  siirmised  from  the  fact  that  a  similar 
extent  of  territory  tributary  to  the  inclined  elevated  railway  at  Newark 
Avenue,  Hoboken,  belonging  to  the  same  company,  yielded  during  the 
past  year  a  revenue  of  $400  000. 

The  desirability  of  the  summit  of  the  Palisades  for  residence  is  un- 
questionable, when  its  proximity  to  New  York  and  its  elevation  are  con- 
sidered, but  its  inaccessibility  has  thus  far  jjrevented  its  development. 
The  great  amount  of  the  suburban  traffic  to  jDoints  in  New  Jersey,  less 
favorably  situated  than  this,  will  be  apparent  when  it  is  considered 
that  between  the  hours  of  4  p.m.  and  7  p.m.  there  is  a  train  leaving  the 
west  side  of  the  Hudson  River  every  two  minutes  for  suburban  towns. 
It  was  in  -s-iew  of  these  considerations,  and  the  possibility  of  increased 
growth  of  traffic  in  the  future,  that  the  structure  was  designed  for  the 
ordinary  local  traffic  on  surface  steam  railways. 

It  was  at  first  proposed  to  use  wrought  iron  throughout,  but  upon 
investigation  it  was  found  that  steel  would  be  more  economical,  and 
that  a  structure  of  mild  steel  could  be  built  to  provide  for  the  heavier 
loads  at  a  slight  increase  of  cost  over  that  of  a  wrought-iron  structure 
designed  for  the  lighter  loads.  In  an  appendix,  a  table  is  given  of 
some  tests  made  to  show  the  relative  effects  of  punching  on  iron  and 
steel  sj^ecimens,  which  were  made  by  the  ^\-riter,  in  relation  to  this 
subject,  at  the  request  of  the  President  of  the  North  Hudson  County 
Railway  Company. 

The  structure  as  it  now  stands,  both  elevator  plant  and  viaduct,  was 
constructed  from  the  plans  and  designs  prepared  by  Thomas  E. 
Brown,  Jr.,  M.  Am.  Soc.  C.  E. 

Sabstruclnre. — The  piers  for  the  towers,  with  the  exception  of  those 
for  the  elevator  tower,  and  the  tower  next  adjacent  to  it  on  the  west, 
rest  upon  rock.  The  foundations  for  these  two  towers  were  secured 
by  means  of  piles  driven  to  bed  rock.  The  west  abutment  consists  of 
a  pocket  blasted  into  the  igneous  rock  of  the  Palisades,  and  leveled 
up  with  concrete. 

Each  corner  pier  of  the  elevator  tower  rests  upon  forty -nine  piles 
arranged  in  a  square  of  seven  rows  of  seven  each,  3-foot  centers,  driven 
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to  bed  rook,  which  was  reached  at  an  average  depth  of  70  feet 'below 
the  surface.  The  piles  were  sawed  oft'  4  feet  below  low- water  line  aud 
capped  with  two  rows  of  12  x  12-inch  timbers  laid  at  right  angles.  All 
timber  in  the  foundations  is  kept  below  low-water  line.  Special 
foundations  for  pumjjs,  elevator  machinery  and  boiler  house  were  pro- 
vided at  this  tower,  connecting  with  the  corner  foundations,  and  were 
secured  in  practically  the  same  manner.  The  piers  for  the  elevator 
tower  are  of  concrete  in  four  masses  of  full  size,  and  of  3  feet  thickness 
each,  upon  which  rests  a  granite  cap,  0  feet  square  and  15  inches  thick. 
Each  pier  is  tied  in  either  direction  to  the  other  piers  with  two  tie 
rods,  2}  inches  in  diameter  (Plate  III). 

The  piers  for  tower  No.  2  each  rest  upon  thirty  piles,  arranged  iu 
five  rows  of  six  each,  3  feet  and  2  feet  6  inches  centers,  capped  in  the 
same  manner  as  those  for  the  elevator  tower.  Bed-rock  was  reached 
under  this  tower  at  an  average  depth  of  30  feet  below  the  surface.  The 
foundations  are  constructed  of  concrete  arranged  in  three  steps:  the 
bottom  mass  is  15  feet  square  and  4  feet  thick ;  the  middle  mass  is  12 
feet  square  and  3^  feet  thick,  and  the  top  mass  is  9  feet  square  and  3 
feet  thick.  The  pedestal  stone,  upon  which  the  base  of  the  tower 
column  rests,  is  of  granite,  6  feet  square  and  15  inches  thick.  ^Foiir 
anchor  bolts,  24  inches  in  diameter,  are  built  into  the  concrete  aud 
secured  to  an  anchorage  imbedded  in  the  lower  mass  of  concrete.  The 
grillage  on  top  of  the  piles  is  also  imbedded  in  this  lower  mass  of 
concrete. 

The  above  is  the  general  type  of  pier,  but  modifications  were  made 
to  suit  the  local  conditions.  Where  rock  was  accessible,  the  lower 
mass  of  concrete  was  laid  upon  the  dressed  surface  of  the  rock.  In  two 
of  the  foundations,  gravel  was  the  bottom  secured,  upon  which  was 
spread  a  bed  of  concrete  12  inches  in  thickness,  and  over  which  a  solid 
floor  of  12  X  12  timbers  was  laid.  On  top  of  this  layer  of  timber  the 
lower  mass  of  concrete  for  the  foundation  was  placed. 

The  foundations  were  constructed  by  the  North  Hudson  County 
Railway  Comj^any  under  their  own  supervision.  The  concrete  was 
mixed  by  hand  in  the  proportion  of  two  barrels  of  German  Portland 
cement,  three  barrels  of  sand,  and  five  barrels  of  broken  stone.  The 
quantities  were  measured  by  removable  gauges  in  the  box  used  for 
mixing.  A  cubic  foot  of  the  concrete  taken  from  the  mixture  in  use 
for  the  foundations,  w^eighed  148  pounds,  two  weeks jjfter  setting. 
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The  maximum  load  upon  each  of  the  corner  piers  of  the  elevator 
tower  is  628  tons,  or  an  average  load  of  12^  tons  upon  each  pile.  The 
maximum  load  upon  each  of  the  piers  for  the  intermediate  towers  is 
470  tons,  or  an  average  load  of  15-i^  tons  upon  each  pile.  The  above 
loads  are  based  upon  the  maximum  combined  effects  of  live  and  dead 
loads,  and  ■w'ind,  together  -with  the  weight  of  the  pier,  which  is  taken 
at  148  pounds  per  cubic  foot. 

Superstructure. — The  structure  is  composed  of  one  tower  containing 
the  elevators,  of  45  feet  6  inches  length;  four  towers  of  40  feet;  one 
tower  of  35  feet;  two  spans  of  80  feet;  two  spans  of  100  feet;  one  span 
of  93  feet,  and  one  span  of  180  feet.  The  total  length  of  the  structure 
from  the  center  of  the  end  pin  on  the  west  abutment  to  the  center  of 
the  eastern  bent  of  the  elevator  tower  is  873  feet  6  inches.  The  height 
of  the  top  of  the  pedestal  stones  above  the  datum  (mean  high  water)  is 
5  feet.  The  base  of  rail  at  the  west  abutment  is  at  an  elevation  of  150 
feet,  from  which  point  there  is  an  upward  grade  of  3  feet  in  the  length 
of  the  structure,  making  the  height  of  the  base  of  the  rail  above  mean 
high  water  at  the  eastern  end,  153  feet. 

The  elevator  tower  is  60  feet  in  width  at  the  base,  and  24  feet 
at  the  height  of  the  railway  (Plate  IV).  The  batter  is  1^  inches 
to  the  foot.  The  extreme  height  from  the  top  of  the  foundation  to  the 
ridge  of  the  station  upon  the  top  of  the  tower  is  194  feet  2  inches. 
This  tower  was  designed  to  carry  the  loads,  and  to  suit  the  conditions 
imposed  upon  it  by  the  elevators  and  elevator  machinery.  The  viaduct 
towers  are  19  feet  in  width  at  the  top,  and  60  feet  at  the  base  (Plate  Y). 
The  batter  is  2  inches  to  the  foot.  For  convenience  of  construction,  the 
dimensions  of  these  towers  and  the  depths  of  the  spans  between  them 
were  made  uniform  throughout ;  and,  to  provide  for  the  grade  in  the 
structure,  the  towers  were  built  for  the  lowest  point,  and  the  difference 
in  elevation  at  the  top  was  made  in  the  depth  of  the  spans  over  the 
towers  and  in  the  inclination  of  the  end  bottom  struts  of  the  main 
spans. 

The  location  of  the  towers  had  been  decided  upon  and  the  legal 
arrangements  for  right  of  way  perfected,  before  any  consideration  was 
given  to  the  question  of  the  economic  lengths  of  spans.  The  structure 
is  built  to  conform  to  the  locations  agreed  uj^on  prior  to  construction. 
For  economy  of  material,  the  lengths  of  the  spans  should  have  been  125 
feet. 
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The  concessions  for  right  of  way  made  the  provision  for  a  roadway 
under  the  structure  obligatory.  The  portals  in  the  lower  part  of  the 
towers  were  designed  to  meet  this  requirement,  and,  at  the  same  time, 
provide  for  the  transverse  bracing  of  the  tower,  independently  of  the 
bending  resistance  of  the  main  columns.  The  northerly  face  of  the 
tower  over  the  West  Shore  round  house  spans  an  engine  stall,  and 
permits  the  passage  of  a  locomotive.  A  similar  portal  was  used  as  in 
the  transverse  bracing,  only  it  was  not  possible  to  bring  it  down  to  the 
foot  of  the  tower  columns,  which  are  re-enforced  on  the  webs  to  resist 
the  bending  thus  induced. 

The  foot  of  each  leg  of  the  tower  abuts  upon  a  steel  jjedestal  casting, 
which  rests  upon  a  wrought-iron  base  plate  2i  inches  in  thickness. 
Both  the  top  of  the  casting  and  the  foot  of  the  column  are  faced,  and 
the  latter  is  held  in  place  horizontally  by  a  tenon  on  the  casting, 
which  fits  closely  around  the  inside  of  the  column.  The  bottom  of  the 
steel-casting  is  planed,  as  is  also  the  top  of  the  wrought-iron  plate. 
One  corner  of  each  tower  is  anchored  securely  against  movement, 
while  the  other  corners  are  free  to  move — both  transversely  and  longi- 
tudinally, upon  the  sliding  surfaces  between  the  cast-steel  pedestal 
and  the  wroiight-iron  base,  but  are  secured  against  lifting,  the  pro- 
vision being  made  by  means  of  enlarged  holes  for  the  anchor  bolts.  The 
minimum  pressure  on  these  sliding  surfaces  is  80  pounds  per  square 
inch,   and   the   maximum   pressure   is   300  pounds   per  square  inch. 

The  towers  are  secured  to  the  cast-steel  bases  with  wrought-iron 
links  shrunk  on  pins,  passing  through  the  column  and  the  base,  and 
of  sufficient  section  to  resist  the  maximum  lifting  force  produced  by 
the  combined  effects  of  wind  and  traction.  Tension  at  the  base  of  the 
towers  exists  at  one  corner  only  under  these  combined  effects,  and  the 
anchorage  provided  is  sufficient  to  resist  it. 

All  the  struts  of  the  towers,  both  transverse  and  longitudinal,  are 
composed  of  four  angle  irons  latticed  on  four  sides.  The  transverse 
struts  are  riveted  to  wing  plates  projecting  from  the  columns.  The 
longitudinal  struts  are  connected  to  the  posts  with  pins  passing 
through  a  deep  U^^ut  riveted  to  the  posts,  and  are  also  riveted  to 
these  U-ii^^ts,  the  rivets  being  driven  after  the  erection  of  the 
structure. 

The  trusses  of  the  spans  are  spaced  19  feet  on  centers,  and  are  20 
feet  deep  center  to  center  of  chords.     The  stringers  under  each  ti-ack 
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are  spaced  7  feet  centers.  Cross-floor  beams  rest  upon  the  top  chords 
of  the  trusses  with  projecting  brackets  for  carrying  sidewalks  6  feet  in 
width,  on  each  side  of  the  tracks.  The  expansion  of  the  trusses  at  the 
towers  is  by  means  of  a  shoe  sliding  uiJon  the  planed  top  of  the  vertical 
post  of  the  towers.  This  shoe  is  free  to  move  sufficiently  to  provide  for 
the  expansion  and  contraction  produced  by  1.50  degrees  change  of 
temperature,  but  is  secured  from  movement  beyond  that  point.  The 
maximum  pressure  on  the  surface  of  the  sliding  joint  is  6  600  pounds 
per  square  inch;  the  minimum  pressure  is  2  200  potinds  per  square 
inch  (Plate  VI). 

Pin-connected  trusses  were  used  for  spanning  the  toMers,  in  order 
to  give  uniformity  in  appearance,  and,  at  the  same  time,  provide  a  satis- 
factory method  for  the  transfer  of  the  strains  produced  by  traction. 
The  180-foot  span  was  rendered  necessary  by  the  uncertainty  of  secur- 
ing proper  abutments  on  the  face  of  the  Palisades.  The  rock  at  first 
gave  evidence  of  being  solid,  but  at  the  beginning  of  blasting  opera- 
tions, it  scaled  back  and  revealed  a  serious  crack  which  separated  it 
from  the  body  of  the  hill.  This  uncertain  rock  was  entirely  removed, 
and  foundations  secured  upon  certain  and  solid  rock.  The  depth  of 
the  180-foot  span  (viz.,  20-foot  centers  of  chords),  while  manifestly 
very  shallow  for  its  length,  was  adopted  to  avoid  what  was  considered  by 
the  officers  of  the  raih-oad  company  the  bad  appearance  produced  by 
changing  the  depth,  which  was  kept  uniform  in  the  rest  of  the  structure. 

The  structure  was  designed  to  carry,  in  addition  to  its  own  weight, 
a  double-track  standard  gauge  railroad,  each  track  being  loaded  with 
a  train  consisting  of  a  72-ton  Mogul  locomotive,  followed  by  a  train 
load  of  2  000  pounds  per  lineal  foot,  as  per  the  following  diagram : 
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And,  in  addition  to  the  above,  a  moving  live  load  of  80  pounds  per 
square  foot  of  sidewalks  was  provided  for.  The  sizes  of  the  members 
were  in  all  cases  proportioned  according  to  Mr.  Theodore  Cooper's 
"  Specifications  for  Railroad  Bridges  and  Viaducts. "  The  columns  of 
the  towers  were  proportioned  to  resist  the  strains  produced  by  live 
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load,  dead  load,  and  Avind,  the  strain  from  each  of  these  loads  being 
divided  by  the  proper  factor  given  in  Mr.  Cooper's  specification,  and 
the  separate  results  added  to  form  the  aggregate  section  required  for 
the  column.  The  strains  i^roduced  by  traction  were  not  considered  in 
l^roportioning  the  columns,  as,  by  the  application  of  Mr.  Coojaer's 
formula  for  the  strains  allowable  on  "posts,"  the  sections  Avere  con- 
sidered already  more  than  amply  large. 

Open-hearth  acid  steel  was  used  throughout  except  for  adjustable 
rods  and  bars,  lattice  bars,  batten  plates  and  rivets,  which  were  of 
wrought  iron.  In  employing  steel  it  was  not  I'equii'ed  that  punched 
holes  be  reamed,  or  that  sheared  edges  be  planed.  The  following  is 
extracted  from  the  proposal  for  furnishing  the  material  submitted  by 
the  manufacturers: 

"The  steel  will  be  produced  by  the  open-hearth  acid  process,  and 
no  specific  requirements  of  its  chemical  constitution  shall  be  required, 
provided  it  fulfills  the  following  physical  tests,  viz. : 

' '  When  tested  in  standard  test  pieces  having  an  area  of  one-half 
square  inch  or  more,  it  shall  have  an  ultimate  strength  of  not  less  than 
62  000  pounds  \)er  sqiiare  inch,  and  not  more  than  70  000  pounds ;  an 
elastic  limit  of  not  less  than  30000  pounds  per  square  inch;  a  minimum 
elongation  of  20  i^er  cent,  in  an  original  length  of  8  inches,  and  a  mini- 
mum reduction  of  area  of  40  per  cent. 

' '  It  shall  stand  satisfactory  bending  and  quenching  tests  as  prescribed 
by  Cooper's  specifications. 

"  The  planing  of  sheared  edges  and  the  reaming  of  punched  rivet 
holes  shall  not  be  required,  provided  the  material  permits  the  drifting 
of  a  punched  hole,  as  ordinarily  placed,  to  an  increased  diameter  at 
least  25  per  cent,  greater  than  the  original  diameter  without  cracking. " 

The  cost  i^er  ton  of  the  steel  structure  under  these  conditions  was 
the  same  as  for  iron. 

The  actual  weights  of  the  metallic  superstructure,  exclusive  of  the 
elevator  machinery  are  as  follows: 

Pounds. 

Elevator  Tower 963  046 

Tower  No.  2 362  159 

Tower  No.  3 317  639 

Tower  No.  4 296  963 

Tower  No.  5 306  539 

Tower  No.  6 335  097 

Two  spans  of  80  feet 283  761 

Two  spans  of  100  feet 324  757 

One  span  of  93  feet '. 152  952 

One  span  of  180  feet 441  133 

Total 3  784  046 
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The  weight  of  the  span  over  the  tower  is  included  with  each  tower. 

Erection. — As  it  was  desirable  that  the  tower  containing  the  elevators 
he  the  fii'st  erected — to  enable  the  elevator  machinery  to  be  placed  in 
position  as  soon  as  possible,  in  order  to  be  ready  for  operation  at  the 
completion  of  the  ^-iaduct — the  erection  of  the  structure  was  begun  on 
the  east  end  and  proceeded  westward  toward  the  bluff.  False  work 
was  used  in  the  erection  of  the  spans;  two  entire  openings  between 
towers  were  filled  with  false  work  at  the  same  time,  and  also  a  part  of 
the  third  opening;  this  left  two  spaces  for  towers.  Into  these  spaces 
booms  projected,  which  were  lashed  fast  to  the  false  work  from  which 
the  tower  posts  and  transverse  bracing  were  lifted  into  jilace,  and 
the  vertical  bent,  thus  formed,  lashed  fast  to  the  false  work  on  the  side 
adjacent,  until  the  longitudinal  bracing  was  lifted  into  place  by  the 
traveler  on  the  top  of  the  false  work. 

On  the  top  of  the  false  work  were  two  travelers;  one  of  the  ordinary 
type  used  in  the  erection  of  through  span  bridges  with  the  addition  of 
two  booms  swinging  at  the  front  for  the  handling  and  hoisting  of 
material  from  the  side,  and  the  other  a  traveler  of  the  double  A  type, 
with  booms  for  the  same  purpose  s\^'inging  at  the  rear.  The  width  of 
the  towers  on  top  being  but  22  feet  over  all,  while  some  of  the  floor 
"beams  were  50  feet  in  width,  it  was  unadvisable  to  construct  the  false 
work  for  a  traveler  sufficiently  wide  to  pass  these  floor  beams.  The 
first  traveler  erected  the  trusses  and  lateral  bracing,  while  the  second 
traveler,  following  behind  it,  swung  the  floor  beams  and  stringers  into 
place.  Material  was  hoisted  at  the  sides  from  a  track  on  the  ground 
running  parallel  with  the  structure.  A  boom  derrick  was  put  in  place 
at  the  track  level,  near  the  elevator  tower,  for  hoisting  the  material 
required  in  the  upper  part  of  that  tower,  as  also  the  track  material, 
ties,  rails,  etc.  Much  of  the  iron-work  was  hoisted  by  this  derrick  and 
run  out  over  the  comijleted  structure  to  the  travelers.  The  travelers 
were  carried  across  the  towers  by  means  of  a  temporary  wooden  truss, 
as  at  these  points  the  run-way  for  the  traveler  was  wider  than  the  top 
of  the  tower. 

The  false  work  was  of  yellow  pine,  each  bent  having  two  vertical 
legs,  10  X  10  inches,  and  two  batter  legs  of  the  same  dimensions.  The 
bents  of  false  work  were  placed  18  feet  5  inches  apart  on  centers,  and 
tied  together  longitudinally  with  bracing  of  3  x  10-inch  timbers  in  alter- 
nate bays.     It  was  framed  accurately  according  to  drawing,  in  order  to 
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facilitate  its  handling  and  erection.  As  soon  as  a  span  was  completed 
and  the  trusses  swung,  the  false  work  was  taken  down  and  put  up  for 
one  of  the  spans  in  advance. 

The  hoisting  of  all  the  material  in  erection,  including  the  false  work, 
was  done  with  steam,  from  engines  located  at  different  parts  of  the  work. 

The  metallic  superstructure  was  manufactured  and  erected  by  the 
Passaic  Rolling  Mill  Company  of  Paterson,  N.  J. ,  under  the  supervision 
of  the  writer. 


APPENDIX. 

Each  set  of  specimens,  the  average  of  the  tests  of  which  are  given  in 
the  table,  consisted  of  six  pieces,  2J  inches  in  width,  cut  from  the 
same  plate  and  as  close  together  as  possible.  After  the  specimens  were 
planed  to  1^  inches  in  width,  two  from  each  set  were  punched,  with 
holes  -i\-inch  diameter,  and  two  were  i)unched  t^-inch,  and  reamed  to 
-r^-inch  diameter. 

The  sizes  of  the  test  specimens  were  as  shown : 
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Q     9     9 


lunched   ^e-zn. 


1      ^ 
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0      6     6 
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/""iinc/ied  %>//»,    /f e Anted ^/c  ?(f/^. 

The  six  specimens  forming  a  set  were  tested,  two  plain,  two  piinched, 
and  two  reamed.  Eight  sets  of  such  specimens  were  prepared  and 
tested,  four  of  them  being  cut  from  iron  plates,  and  four  from  steel 
plates.* 

The  table  gives  the  average  results  for  elastic  limit  and  ultimate 
strength  for  each  set,  and  the  last  four  columns  show  the  change  in  per 
cent,  of  these  properties  for  the  punched  and  reamed  specimens,  as 
compared  with  the  plain  specimens. 

*  A  complete  record  of  these  tests  was  published  in  the  Railroad  Gazette,  1890. 
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12  BROWN    ON    WEEHAWKEN"    ELEVATORS. 

n.— THE  HYDRAULIC  PASSENGER  ELEVATORS.    , 
By  Thomas  E.  Bkown,  Jr.,  M.  Am.  Soc.  C.  E. 

There  are  three  passengers  elevators,  operated  by  water-pressure 
on  the  combined  gravity  and  pressure-tank  system  from  a  compression- 
tank  placed  in  the  top  of  the  tower.  The  rise  from  the  ground  floor 
level  to  the  level  of  the  upper  station  platform  is  145  feet  (Plate  VH). 

Each  car  is  21  feet  6  inches  long  by  12  feet  6  inches  wide,  and  about 
10  feet  high,  and  is  suspended  in  a  frame  consisting  of  four  8-inch 
channels,  50  pounds  per  yard,  and  lattice  top  and  bottom  cross-heads 
of  4  X  3-inch  angle  irons.  This  frame  contains  the  rope  attachments 
and  safety-devices,  and  is  of  such  proportions  that,  under  ordinary 
service,  no  portion  is  strained  to  more  than  9  000  pounds  per  square  inch ; 
and  under  the  most  extreme  safety -strains  no  portion  will  be  strained  to 
exceed  18  000  pounds  per  square  inch,  and  will  support  without  ex- 
ceeding this  strain  the  entire  weight  of  the  car  and  load  if  held  by 
the  safety-devices  on  one  side  only. 

The  water-cylinders  are  of  cast  iron,  38  inches  in  diameter  (Plate 
Vni).  The  joints  are  packed  with  flat  rubber  rings  (see  diagram,  page 
13).  Each  cylinder  is  secured  to  the  foundation  girders  by  two  4-inch 
anchor-bolts.  Each  head-plate  is  a  heavy  casting,  strengthened  by 
cross  ribs,  through  which  the  piston  rods  work,  in  brass-lined  stuffing- 
boxes.  The  head-plate  is  provided  with  apertures  closed  by  bronze 
screw  plugs,  through  which  the  piston-follower  bolts  may  be  screwed 
up,  thus  avoiding  the  necessity  of  removing  the  head-plate  when  screw- 
ing up  the  piston  packing.  The  cylinders  and  their  appurtenances  were 
subjected  to  a  hydrostatic  test  of  500  j^ounds  to  the  square  inch  before 
leaving  the  shop. 

The  pistons  are  of  cast  iron,  cast  solid  to  act  as  counterweights,  and 
are  provided  with  automatic  stop-aprons,  which,  by  gradually  closing 
the  cylinder-ports,  bring  the  pistons  (and  consequently  the  cars)  grad- 
ually to  rest  at  each  end  of  the  travel.  This  device  is  a  late  improve- 
ment, and  has  the  advantage  that  it  is  entirely  within  the  cylinder  and 
directly  attached  to  the  initial  moving  part,  viz.,  the  piston,  cannot 
be  tampered  with  or  lose  its  adjustment,  and  is  independent  of  all  other 
controlling  devices. 

The  pistons  are  packed  -with  braided  flax  packing.  The  piston  is 
attached  to  the  traveling-sheave  frame  by  two  turned  steel  piston- 
rods,  4i  inches  in  diameter.     The  upper  ends  of  the  rods  are  forged 
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into  eyes  and  connected  to  equalizing  forgings  by  4-incli  pins,  aad  the 
equalizing  forgings  are  in  turn  connected  to  the  wrouglit-iron  traveling- 
sheave  frame  by  a  5j-inch  pin.  The  strain  on  the  rods  is  equalized  by 
these  equalizing  forgings.  Each  ear  is  suspended  by  eight  crucible 
steel  cables,  seven-eighths  of  an  inch  in  diameter,  of  six  strands  of 
nineteen  wires  to  the  strand,  with  hemi)  cores.  Each  cable  has  an 
ultimate  strength  of  about  50  000  pounds.  Six  of  the  cables  are  at- 
tached to  the  hoisting  machinery,  and  two  to  an  independent  counter- 
balance weight.  Each  machine  has  capacity  to  lift  a  load  of  20  000 
pounds,  exclusive  of  the  car  at  the  rate  of  200  feet  per  minute,  with  a 
water-pressure  of  about  185  pounds  per  square  inch. 

The  cars  are  provided  with  Otis  Bros.  &  Co. 's  triple  grip  safety. 
Six  of  the  steel  cables  are  attached  to  the  girdle  frame  of  the  car  by 
tumblers  having  double  centers  such  that,  should  any  one  or  more  of 
the  cables  break  or  become  abnormally  stretched,  the  safety  devices 
Avill  be  thrown  into  action ;  gripping  firmly  all  three  sides  of  the  hard- 
wood guides,  and  bringing  the  car  and  its  load  to  rest  gradually,  and 
preventing  its  further  descent.  The  car  may  be  raised  again  by  the 
remaining  cables,  if  any,  to  any  position  necessary  to  discharge  the 
load.  The  tumblers  are  arranged  with  double  centers  to  prevent  the 
annoyance  of  frequent  and  unnecessary  action  of  the  safeties,  due  to 
ordinary  inequalities  of  strain  and  stretch  in  the  ropes  (Plate  IX). 

The  cars  are  also  equipped  with  the  "Otis  Governor,"  two  to  each 
car.  This  consists  of  an  ordinary  ball  governor  caused  to  revolve  by  a 
rope  attached  to  the  safety  devices  on  the  car.  The  governor  operates 
a  grip  which,  when  thrown  in  by  the  spreading  of  the  governor  balls, 
grips  the  rope,  thus  operating  the  safety  devices  and  stojiping  the  car. 
The  governors  are  provided  in  order  that  the  car  may  be  stopped 
should  it  descend  at  an  unsafe  speed,  from  carelessness  or  other 
cause,  whether  the  cables  are  broken  or  not. 

The  safety  grips  were  carefully  tested  at  the  works  of  Otis  Brothers 
&  Co.,  first,  by  pulling  sections  of  the  guide  strips  through  them  with 
a  hydraulic  cylinder,  the  pressure  in  which  was  determined  by  a 
gauge.  These  tests  gave  the  power  of  a  pair  of  safety  clutches  as 
from  50  000  to  53000  pounds.  A  practical  test  was  also  made  by  drop- 
ping an  improvised  car  loaded  with  cast  iron.  The  improvised  car  and 
its  load  weighed  together  34  922  pounds.  It  was  allowed  to  drop  freely 
lOi  inches  or  until  it  had  acquired  a  velocity  of  7-iVo  feet  per  second. 
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the  safety  clutches  were  tlieu  tripped,  after  whicli  the  car  descended 
j20J  inches  gradually,  and  came  to  rest;  from  which  the  resistance  of 
the  pair  of  clutches  is  shown  to  be  52  140  pounds,  agreeing  very  closely 
with  the  results  of  the  previous  tests. 

Each  set  of  traveling  sheaves  consists  of  three  heavy  cast-iron 
sheaves,  60,  56  and  52  inches  in  diameter  respectively;  with  6-iuch 
steel  shafts,  with  8-inch  bearing  on  each  side,  running  in  babbitted 
boxes  (Plate  X).  The  sheaves  are  jjlaced  "tandem,"  and  their 
boxes  are  supported  in  a  wrought-iron  riveted  frame.  This  frame  is  so 
designed  as  to  be  strained  not  exceeding  9  000  pounds  per  square  inch 
of  net  section.  The  frame  is  guided  between  hardwood  guides.  The 
main  sheaves  are  of  cast  iron  60  inches  in  diameter,  with  6-inch  diam- 
eter steel  shafts,  with  8-inch  bearings  on  each  side.  The  boxes  are  bab- 
bitted and  are  of  the  45-degree  pattern,  with  strong  sole  plates  and 
butt  blocks  to  take  the  horizontal  thrust.  The  auxiliary  sheaves  are 
of  the  same  pattern  as  the  traveling  sheaves,  with  same  size  axles  and 
boxes;  their  diameters  are  58  and  54  inches  respectively.  The  counter- 
balance sheaves  are  54  inches  in  diameter  and  have  4-inch  steel 
shafts,  with  5-inch  bearings  on  each  side,  running  in  45  degrees  bab- 
bitted boxes. 

Each  car  is  counterbalanced,  as  far  as  practicable,  by  weights  on 
the  piston  and  in  the  traveling-sheave  frame.  The  j^iston,  piston 
rods,  traveling-sheave  frame,  and  sheaves  serving  as  counterbalance  to 
the  extent  of  their  weight.  The  remaining  counterweight  is  in  an  in- 
dependent frame,  running  in  hard-wood  guides.  The  amount  of  inde- 
pendent counterbalance  is  kept  as  small  as  possible — an  arrangement 
necessary  for  smooth  stopping  and  starting. 

The  operating  valve  is  a  differential  piston  valve,  ojierated  by  an 
auxiliary  pilot  valve,  so  arranged  that  the  motion  of  the  main  valve 
is  proportional  to  and  controlled  by  the  auxiliary  valve  (Plate  XI). 
The  valve  piston  is  9  inches  and  the  actuating  piston  11  inches  in  diam- 
eter. The  valve  is  provided  with  a  secondary  adjustable  throttling 
piston  to  produce  gradual  closing,  and  to  regulate  the  speed  of  descent 
of  the  car.  The  valve  is  lined  with  heavy  brass,  the  water  passing 
through  perforations  in  the  brass  lining  to  jirevent  ingress  of  foreign 
matter  and  to  reduce  the  wear  of  the  valve  leathers.  The  valve  is  pro- 
vided with  two  relief  valves  to  prevent  shock  and  danger  from  water 
ram,  in  the  event  of  accidental  too  rapid  closing  of  the  main  valve. 
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The  auxiliary  pilot  valve  is  ii  seel  to  avoid  the  severe  labor  involved  in 
moving  the  main  valves  by  direct  hand-power  which  is  impracticable 
with  as  large  valves  as  are  retjuired  in  this  case.  The  auxiliary  valve 
is  controlled  by  a  wheel  in  the  car. 

The  main  pressure  tank  is  of  10  000  gallons  capacity  and  is  placed 
in  the  top  of  the  tower;  it  is  6  feet  6  inches  internal  diameter  and  about 
40  feet  length  of  shell  with  spherical  segmental  heads.  The  shell  is  of 
steel  one-half  inch  in  thickness,  and  heads  five-eighths  inch  in  thick- 
ness. The  tank  is  supported  in  cast-iron  saddles  which  rest  upon  the 
iipper  girders  of  the  tower.  The  auxiliary  pressure-tank,  or  air  cham- 
ber, has  1 200  gallons  capacity,  and  is  placed  at  the  bottom  of  the 
stand-pipe;  its  purpose  is  to  prevent  shock  from  the  working  of  the 
pumps,  and  particularly  to  prevent  water-ram  and  consequent  exces- 
sive pressure.  It  is  42  inches  internal  diameter  and  15  feet  length  of 
shell,  with  shell  one-half  inch  thick,  and  segmental  head  five-eighths 
inch  thick.  The  discharge  tank  is  situated  in  the  cellar  or  jjit  under 
the  station  floor,  and  is  of  10  000  gallons  capacity,  and  is  rectangular 
in  form.     It  is  of  one-quarter-inch  boiler  iron. 

The  pressure  is  produced  by  two  Worthington  steam  pumping  en- 
gines, of  the  compound  duplex  type  (with  steam  cylinders  16  and  29 
inches  and  water  cylinders  12  inches  in  diameter  by  18-inch  stroke). 
They  are  of  capacity  to  run  the  three  elevators  on  a  four-minute  sched- 
ule (i.  e.,  an  elevator  starting  every  ninety  seconds),  at  a  piston  speed 
of  50  feet  per  minute  per  jjlunger,  with  75  pounds  effective  steam 
pressure.  By  running  at  a  higher  speed,  one  pump  alone  is  suflBcient 
for  ordinary  service,  and,  in  case  of  emergency,  can  be  made  to  do  the 
full  service,  in  the  event  of  the  breaking  down  or  disabling  of  the 
other.  The  pumps  are  provided  with  an  air-jjumping  device,  by 
means  of  which  air  may  be  supplied  at  will  to  either  the  main  or  the 
auxiliary  pressure-tanks,  or  both.  The  stand-pipe  is  of  cast  iron,  15- 
inch  intei'nal  diameter,  and  1  inch  thick  ;  the  flanges  are  faced  and 
packed  with  rubber  gaskets,  each  joint  is  bolted  with  sixteen  bolts 
seven-eighths  of  an  inch  in  diameter ;  a  stuffing-box  at  the  top  pro- 
vides for  expansion.  The  delivery-pipe  from  i^umps  is  12  inches  in 
diameter,  and  the  suction-pii^es  are  15  inches  in  diameter,  and  are  pro- 
vided with  foot-valves  and  strainers  in  the  discharge-tank. 

The  supply -pipe  to  each  cylinder  is  8  inches,  and  the  discharge  9 
inches  in  diameter,  and  of  heavy,  wrought-iron  pipe.     They  are  pro- 
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viiled  with  gate-valves  so  that  any  elevator  may  be  cut  off  at  will  (either 
for  laying  up  or  for  insiiection  or  rei^airs)  without  interfering  with  the 
o2Deration  of  the  others.  The  pumps  are  provided  with  gate-valves  on 
l)oth  suctions  and  deliveries,  so  that  either  or  both  pumps  may  be 
used  as  desired,  and  are  also  provided  with  automatic,  steam-regu- 
lating valves,  actuated  V)y  fliictuations  in  the  water-^jressure,  making 
the  movement  of  the  pumps  entirely  aiitomatic. 

There  are  three  cylindrical  boilers,  each  with  two  internal  corru- 
gated furnaces  and  return  fire  tubes,  designed  for  a  working  pressiire 
of  120  pounds.     These  boilers  are  of  the  following  dimensions  : 

Diameter  of  shell,  9  feet ;  length  of  shell  over  all,  12  feet ;  inside 
diameter  of  furnace  flues,  3  feet  ;  length  of  furnace  flues,  about  9  feet 
9  inches  ;  length  of  grate,  6  feet  ;  depth  of  back  connection,  inside,  21 
inches  ;  thickness  of  water-back,  outside  of  sheets,  6  inches  ;  one  hun- 
dred and  sixty-nine  2|-inch  tubes,  about  9  feet  9  inches  long  ;  outside 
diameter  of  steam  dome,  3  feet ;  height  of  steam  dome  over  all,  3  feet ; 
heating  surface,  about  1  500  square  feet  ;  grate  surface,  about  36  square 
feet;  shell,  y^  of  an  inch  thick;  heads,  rV  of  an  inch  thick;  flues,  three- 
eighths  of  an  inch  thick;  furnaces,  sides  and  back  of  back  connection, 
-/o  of  an  inch  thick ;  tube-sheet  of  back  connection,  -^^  of  an  inch  thick ; 
shell  of  steam  dome,  one-half  of  an  inch.  The  boilers  are  covered  with 
3  inches  of  magnesia  boiler  covering,  with  Russia  iron  outside.  The 
material  used  in  these  boilers  is  open-hearth  steel  of  a  tensile  strength 
of  from  60  000  to  66  000  pounds  ;  elastic  limit,  36  000  pounds.  The 
stack  is  47  inches  inside  diameter,  and  its  toj)  is  about  95  feet  above 
the  grates. 

There  are  two  condensers  of  the  Wainwright  pattern,  of  120  nomi- 
nal horse-power  each  ;  each  has  an  internal  diameter  of  shell  of  24 
inches  and  contains  two  hundred  and  thirty-two  half-inch  corru- 
gated tubes.  The  condensed  water  which  is  returned  to  the  boilers, 
and  the  condensing  water  which  is  iJumped  from  the  river,  are 
handled  by  two  Knowles'  combined  air  and  circulating  pumps  having 
steam  cylinders  8  inches,  aii'-pump  cylinder  9  inches,  circulating  cylin- 
der 9  inches  in  diameter  respectively,  and  of  8-inch  stroke. 
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ALSIMPLE   METHOD    OF   RUNNING  IN  A  TRANSI- 
TION CURVE. 


By  John  F.  Wabd,  M.  Am.  Soc.  C.  E. 


As  train  speeds  of  100  feet  per  second  are  to  be  expected  and  must 
be  provided  for  on  all  first-class  railroads,  the  necessity  of  some  form 
of  transition  curve  to  modify  the  shock  of  entering  on  a  circular  curve, 
has  made  itself  so  apparent  that  a  good  degree  of  attention  has  been 
directed  to  the  proper  shaping  of  these  easements.  The  cubic  parabola 
has  come  to  be  the  favorite  so  far,  and  in  spite  of  the  complexity  of 
some  of  the  investigations  of  it  which  have  been  put  forth,  it  is,  doubt- 
less, the  best  curve  for  the  purpose  yet  discussed. 

In  applying  the  cubic  parabola,  the  simplest  and  most  often  occurring 
problem,  is  to  "  put  in  a  transition  ^^^  j 
curve  in  existing  track  without  run- 
ning  in  the  whole  curve."  The 
first  consideration  is,  how  much  of 
the  old  curve  is  it  desirable  to 
modify,  or,  to  refer  to  Fig.  1,  where 
shall  the  point  A  at  which  the  cubic 
and  circular  curves  join,  be  placed  ? 

The  angular  distance  on  the   arc    l^'rc. ■p-^^'^^.  - -^^^ 

from  P.  (7.  to  A,  should  not  be  more 

than  20  degrees  or  therealout,  as  the  cubic  curve  departs  so  much  from 

the  circular  form  when  continued  beyond  that  limit,  that  a  satisfactory 
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connection  is  not  easily  gotten.  "Witli  the  quartic  curve  a  good  result 
is  practicable  up  to  60  degrees,  but  in  practice  no  one  will  be  apt  to  make 
the  distance  from  P.  C.  more  than  150  feet,  which  will  come  within  the 
angular  limit,  except  on  street  railroads. 

Having  assumed  the  position  of  A,  make  BG  =  .49  AB,  then  AC, 
which  is  to  be  the  length  of  the  transition  curve,  is  almost  one  and  one- 
half  times  the  length  of  the  circular  arc  AB,  which  is  to  be  ameliorated, 
and  in  practice  it  is  very  handy, to  call  it  one  and  a  half.  This  can  be 
proved  to  be  approximately  correct  by  making  Q  and  Q^  ordinates  in 
the  circular  arc,  at  a  distance  apart  equal  to  a.  Now,  if  the  curves 
coincide  at  A,  Q  and  Q^  must  also  be  ordinates  in  the  cubic  curve, 
therefore  by  the  common  formula  of  the  curve 

V^  —  V^  :  V^  :  :  a  :  AG, 
the  length  required. 

The  length  AC  and  the  P.  T.  C,  or  point  of  transition  curve  being 
found,  set  up  the  transit  on  P.  T.  G. ,  measure  the  angular  distance  of  A 
from  the  tangent,  and  divide  it  by  the  square  of  the  number  of  stations 
in  AG,  and  deflect  one  of  the  divisions  at  the  first  station,  ioxir  at 
the  second,  and  so  on,  increasing  as  the  square  of  the  distance  from  the 
P.  T.  G.  If  ordinates  are  used  in  laying  out  the  cubic  curve,  divide  the 
length  of  the  offset  at  the  connecting  point  A  by  the  cube  of  the  num- 
ber of  stations,  and  use  one  of  the  divisions  for  the  offset  at  Station  1, 
eight  for  Station  2,  etc.,  the  ordinates  increasing  in  length  in  proportion 
to  the  cube  of  the  distance,  in  the  ratio  of  1,  8,  27,  64,  125,  216,  etc. 

Where  transition  curves  are  used  on  new  work,  the  tangent  is  ex- 
tended as  GH  (Fig.  2),  and  instead  of  the  circular  curves  being  connected 
with  the  tangent  directly,  the  point     jr^^ .  Z.  t\ 

of  cur\-e  is  offset  any  desired 
distance,  and  the  connecting  point 
A  (Fig.  2)  selected  as  before,  the 
offset  GH  not  to  exceed  i  of  ^  G^. 
Then  AG  :  1.49  FG  ::AH:HC,  the 
required  length   of  the   transition  Pa^^^^''^       <=':  ' 

curve,  with  an  offset  at  P.  G.  equal       -^ -=rr^rrtr:rrT_i._„__^_49- 

to  HG,  and  a  total  ordinate  AH. 

To  simplify  the  form  of  the  proportion  AG  \\A^  FG  \  :  AH  :  HG, 
make  n  =  the  number  of  100-foot  stations  in  the  circular  curve  AF 
(Fig.  2),  D  =:  the  degree  of  curvature  per  100  feet,  in  the  circular  curve, 
AG=0,  AH=0\  FG=T,  GH=L. 

O^Tl  49 
Our  proportion  now  becomes  0  :  1.49  T  :  :  0^  :  i,  or ~ —  :=  L. 

By  a  formula  in  common  use  0  =  ln-  B,  and  ?i  being.  01  T,  /i-  =  .0001  T", 

and  t  n-  D  =  .0000875  T'D  =  0,  .  -.-^^^±^1^  =  L,  and 

Q'rnooo  _  0^  17000  _ 
r^i)      ^      BT     ^ 
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For  track  layers'  use,  requiring  neither  logarithms,  square  roots,  tables 
nor  other  tools  than  are  used  in  their  regular  work,  "we  now  have  this 

RuiiE  FOK  Laying  Out  Transition  Curves. 

The  circular  curve  FA  (Fig.  2)  and  the  point  of  connection  A  being 
given,  multiply  the  distance  from  A  to  the  tangent  by  17,000,  and 
divide  the  product  by  the  degree  of  the  curve  and  by  the  length  of  the 
cu-cular  curve  from  P.  C.  to  A.  The  quotient  is  the  length  of  the  transi- 
tion curve  measured  on  the  tangent.  Divide  this  distance  into  as  many 
stations  as  are  required. 

Divide  the  distance  from  A  to  the  tangent  by  the  number  of  stations, 
divide  the  quotient  by  the  same  number,  and  that  quotient  again  by 
the  same  number.  Use  this  last  quotient  for  the  oflfset  to  the  curve  at 
Station  1,  eight  times  the  first  ofi'set  at  Station  2,  and  so  on,  increasing 
in  the  ratio  of  1,  8,  27,  64,  125,  216,  that  is,  as  the  cubes  of  the  Station 
numbers. 

Where  (as in  Fig.  1)  there  is  no  oflset  at  P.  C,  simply  make  the  transi- 
tion curve  ^Cone-half  longer  than  the  circular  curve  AB,  and  put  in 
the  offsets  as  before. 

(1)  Example.— Itis  required  to  find  the  length  of  a  transition  curve  to 
join  a  7-degree  curve  at  100  feet  from  P.  C. ,  the  offset  at  P.  G.  being  4  feet, 

the  offset  OUt  ^  =  10  feet,  and  T being  100  feet    (— ^^  =  ^>-) 

10  X  17000  _ 
T^Tioo"  -  '^*'*' 

(2)  Example. — To  find  the  ordinates  of  a  cubic  parabola  when  the 
length  L  =  160  feet,  and  the  ordinate  0'  =  16  feet,  make  four  stations, 
then 

4)16 
4)_£ 


4)1.00 

.25  =  ordinate  at  Station  1. 
.25  X     8  =    2.      =         "  "        2. 

.25  X  27  =    6.75  =         "  "        3. 

.25  X  64  =  16.      =         "  "        4. 

(3)  Example. — To  lay  out  a  cubic  parabola  by  angles  when  the  length 
L  =  160  feet,  and  the  angle  AGB  =  5°  20'  or  320' minutes,  set  the 
transit  on  P.  T.  C,  make  four  stations,  and  deflect 

320' 

—J-  =       20'  =  angle  at  Station  1. 

20'  X  2"^  =  1°  20'  =     "  "       2. 

20'  X  3^=  3^^         =     "        •         "       3. 

20'  X  42=  5°  20'  =     "  "       4. 
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THE   HYDROGRAPHY   OF  THE   POTOMAC   BASIN 


By  Cyrus  C.  Babb,  Jun.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


A  study  of  the  Potomac  River  Basin  has  been  made  by  the  writer  in 
connection  with  the  work  of  the  Hydi'ographic  Division  of  the  United 
States  Geological  Survey.  A  gauging  station  was  established  on  May 
4th,  1891,  at  Chain  Bridge,  on  the  Potomac,  3  miles  above  Washington. 
D.  C. ,  for  the  measurement  of  the  discharge  of  the  river  at  that  place. 
From  that  date  to  the  present  time  three  readings  a  day  have  been  made 
of  the  height  of  the  river,  thus  making  it  possible  to  eliminate  the  effect 
of  the  tide,  which  has  a  daily  range  at  this  place  of  about  3  feet. 

The  cable  and  trolley  method  of  gauging  in  practice  at  this  station 
was  first  used  in  England  in  1880  on  the  Severn  River,  and  subsequently 
in  the  western  United  States  by  the  Irrigation  Division  of  the  Geologi- 
cal Survey.  The  apparatus  consists  essentially  of  a  three- wheeled  car- 
riage or  trolley  running  upon  a  main  cable,  and  moved  either  forward 
or  backward  by  means  of  a  set  of  continuous  halyards  passing  through 
pulleys  at  uprights  on  either  shore.  Over  the  third  wheel  of  the 
trolley,  which  is  below  the  cable,  runs  a  double  conducting  wire  -with 
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the  meter  attached  at  one  end,  the  other  being  on  shore  at  the  place  from 
which  the  work  of  ganging  is  done.  This  conducting  cord  fulfills  two 
purposes,  one  for  the  transmission  of  the  current,  and  the  other  for 
lowering  or  raising  the  meter  to  any  desired  depth  in  the  cross-section. 
Soundings  are  taken  with  this  cord  by  having  it  tagged  every  foot  and 
estimating  the  tenths. 

About  200  feet  above  the  main  cable  is  stretched  a  stay  cable  with  an 
auxiliary  trolley  running  upon  it,  from  which  passes  a  bridle  wire 
down  stream  which  is  attached  to  the  meter  rod.  The  purpose  of  this 
wire  is  to  prevent  the  meter  from  swinging  down  stream  under  the 
influence  of  the  current.  As  the  meter  descends  it,  therefore,  describes 
the  arc  of  a  circle,  but  owing  to  the  length  of  radius  the  effect  is 
inappreciable.  The  use  of  the  stay  cable  is  a  departure  and  an  im- 
provement over  the  English  method,  in  which  an  anchor  of  70  pounds' 
weight  was  used. 

Theoretically  the  work  of  gauging  by  this  system  can  be  accom- 
plished by  one  man,  and  in  fact  it  has  been  done  in  this  manner,  but 
the  work  is  too  arduous  for  general  practice  on  a  large  stream. 

For  the  measurement  of  velocities  the  Haskell  electric  meter  is  used, 
having  been  found  to  fulfill  most  satisfactorily  the  wants  of  the  hydrog- 
raphers  of  the  Geological  Survey.  Many  improvements  upon  the  old 
style  of  the  Haskell  meter  have  been  suggested  by  them,  and  these  have 
been  incorporated  in  the  new  type  of  meter  for  river  work. 

Up  to  March  1st,  1892,  five  direct  gaugings  had  been  made  on  aver- 
age discharges  of  the  river,  with  several  partial  ones  on  flood  discharges, 
including  the  great  flood  of  June,  1889,  and  the  spring  freshet  of  April 
1st,  1891.  These  several  gaugings  for  various  river  heights  were  plotted 
upon  cross-section  paper,  -ndth  discharges  as  abscissas  and  gauge  heights 
as  ordinates.  Through  the  points  thus  obtained  as  a  smooth  curve  was 
drawn,  and  for  each  tenth  of  gauge  height  along  this  curve  the  corre- 
sponding discharge  was  taken  and  tabulated,  forming  the  rating  table. 
Knowing  the  height  of  the  river  then  at  any  single  mdment,  the  corre- 
sjjonding  discharge  can  be  taken  immediately  from  this  table. 

Eiver  height  observations  at  Chain  Bridge  have  only  been  made 
since  May  1st,  1891,  so  that  from  this  record  alone,  discharges  could  be 
computed  only  for  a  period  of  less  than  one  year.  The  ofiicials  of  the 
Washington  aqueduct  have  kept  a  daily  record  of  the  height  of  the 
water  flowing  over  their  dam  at  Great  Falls,  Md.,  since  1878,  audit 
has  been  i^ossible  to  make  use  of  this  record  in  part. 
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The  Potomac  River  at  this  place  flows  through  two  channels,  form- 
ing Conn's  Island.  The  dam  of  the  Washington  Aqueduct,  for  the 
water  supply  of  the  Citv  of  Washington,  as  first  built,  simply  extended 
across  the  Maryland  channel.  In  1886  the  present  dam  was  finished, 
raising  the  crest  of  the  old  dam  by  15  inches  and  extending  it  on  this 
level  across  Conn's  Island  and  the  other  channel,  to  the  Virginia  shore. 
The  old  dam  was  1  034  feet  long-  and  the  extension  1  843  feet,  making  a 
total  length  of  2  877  feet.  The  records  of  river  heights  fi'om  1878  to 
1886  are  of  little  value,  owing  to  the  unrestricted  flow  in  the  Virginia 
channel,  and  also  to  the  fact  that  in  times  of  low  discharge,  when  the 
water  supi^ly  of  the  city  was  endangered,  temijorary  wing  dams  were 
built  at  the  head  of  Conn's  Island  in  order  to  divert  water  into  the 
Maryland  channel  and  thence  into  the  aqueduct.  From  the  records 
since  1886  daily  discharges  of  the  river  for  this  period  have  been  com- 
puted. 

The  formation  of  the  bed  of  the  Potomac  River  at  Chain  Bridge  is  of 
rock,  so  that  its  cross-section,  like  that  at  Great  Falls,  is  practically 
unchangeable  from  year  to  year.  From  the  synchronous  records  of 
gauge  heights  at  these  two  stations  it  has  been  possible  to  construct  a 
rating  curve  of  gauge  heights,  expressing  the  gauge  height  at  one  sta- 
tion in  terms  of  gauge  height  at  the  other.  This  has  been  rendered 
possible  by  the  fact  that  no  large  tributary  enters  the  Potomac  between 
these  two  stations,  so  that  the  flow  is  materially  unchanged  between 
them.  The  combination  of  the  above  table  with  that  of  the  discharge 
at  Chain  Bridge  gives  a  rating  table  for  the  discharge  at  Great  Falls. 

The  figures  herewith  submitted  are  the  results  of  first  o^jerations, 
and  as  such  are  subject  to  change  as  additional  data  are  collected. 
They  are  considered  reliable  for  general  engineering  work,  but  a  longer 
study  is  necessary  for  close  scientific  deductions  on  such  subjects  as 
the  following:  the  cause  of  the  difference  in  discharge  of  the  river  for 
the  same  gauge  height,  between  the  rise  and  the  ebb  of  a  flood  height. 

The  discharges  corresponding  to  the  daily  mean  gauge  heights  are 
taken  from  the  rating  table  and  tabulated.  These  discharges  are 
plotted  in  order  to  show  graphically  the  fluctuations  of  the  river  from 
day  to  day  and  month  to  month.  They  are  also  averaged  by  months, 
as  shown  in  the  table  on  pages  26,  27  and  28,  which  gives  the  monthly 
flows  of  the  Potomac  River  at  Great  Falls  from  1886  to  1891,  inclusive. 
The  first  column  gives  the  month ;  the  second,  the  maxim iim  discharge 
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in  cubic  feet  per  second,  or  second-feet  as  it  is  commonly  called;  tlie 
third,  tlie  minimum;  and  the  fourth,  the  mean  discharge  for  the  month. 
The  last  two  columns  express  the  flow  in  two  ways  in  connection  with 
the  drainage  basin,  which  at  this  point  has  an  area  of  11  043  square  miles. 
The  fifth  column  gives  the  depth  of  run-oflf,  or  the  depth  in  inches  which 
a  plain  of  the  size  of  the  drainage  basin  at  this  point  would  l)e  covered,  if 
the  total  flow  for  the  month  were  spread  over  it.  The  sixth  and  last 
column  gives  the  second-feet  per  square  mile  of  area  drained.  The  flg- 
ures  for  1886  are  the  least  reliable  of  the  series,  due  to  the  fact  that 
the  construction  work  on  the  dam  was  not  completed  until  August 
of  that  year. 

It  is  seen  from  these  records  that  1887  is  the  dry  year  for  this  jjieriod, 
with  a  mean  monthly  discharge  of  11  880  second-feet.  In  1888  it  was 
higher,  with  15  365  second-feet,  and  the  maximum  was  reached  in  1889, 
with  an  average  discharge  of  32  913  second-feet.  1890  was  a  year  of 
average  flow  of  21  368  second-feet,  and  in  1891  it  had  increased  to 
26928  second-feet.  The  yearly  rainfall  records  show  the  same  general 
variations. 

Plate  XII,  Fig.  1,  is  a  diagram  of  the  daily  discharge  of  the  Potomac 
Kiver  for  1891,  and  it  shows  the  very  erratic  nature  of  this  stream. 
The  diagrams  for  the  other  years  are  of  a  similar  character. 

It  will  be  of  interest  to  compare  the  Potomac  discharge  diagram 
with  some  of  those  for  our  western  rivers  as  they  appear  in  the 
Twelfth  Annual  Keport  of  the  Director  of  the  U.  S.  Geological  Sur- 
vey. Take,  for  instance,  the  Yellowstone  at  Horr,  Montana,  as  a  typical 
western  stream.  The  first  three  months  of  the  year  show  a  season  of 
low  water.  In  April  the  river  starts  on  its  spring  rise,  culminating  iu 
the  latter  part  of  May.  It  holds  this  general  level  for  two  or  three 
weeks,  with  minor  fluctuations  due  principally  to  variations  in  tem- 
perature, and  then  gradually  declines  through  the  months  of  July, 
August  and  September,  with  a  low- water  discharge  for  the  rest  of  the 
year.  This  difference  in  the  character  of  the  two  streams  is  accounted 
for  by  the  fact  that  the  Yellowstone  is  a  snow-fed  river,  w^hile  the 
Potomac  is  a  rain-fed  one.  The  Yellowstone  at  point  of  gauging  has  a 
drainage  area  of  2  700  square  miles,  with  a  total  yearly  run-ofi'  of  14 
inches.  Compare  this  with  the  average  yearly  run-off  of  24  inches  of 
the  Potomac  River,  and  consider  that  the  yearly  flow  of  the  Yellow- 
stone River  is  above  the  average  for  the  majority  of  our  western  sti'eams ; 
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TABLE  No.  1. 

Potomac  River  at  Great  FALiiS,  Md. 

Drainage  Area 11  043  square  miles. 


Discharge  in  Second-Feet. 

Rttn 

-OFF. 

Month. 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

Second-feet 
per  square 
mile. 

1886.     January 

154  560 

161  600 

65  400 

224  600 

167  840 

3  240 

24  8U0 

20  400 

3  680 

4  290 
39  500 
29  700 

2  620 
2  460 
2  800 
2  800 
2  620 
2  800 

2  800 

3  240 
3  240 
3  240 
3  240 
3  240 

13  711 
22  523 
5  537 
44  313 
24  206 

2  993 

5  280 

6  010 

3  3S7 
3  318 

7  948 
10  903 

1.43 

2.20 

.58 

4.46 

2.52 

.30 

.55 

.63 

.34 

.35 

.80 

1.14 

1.24 

February 

2.04 

.50 

April 

4  01 

May 

2.19 

.27 

July 

.48 

.54 

September 

.31 

October 

.30 

.72 

'.99 

Total 

12  sii 

15.30 

Mean 

1887.     January 

104  320 

54  200 

84  000 

71000 

104  320 

29  700 

29  700 

5  460 

4  290 

3  580 

3  240 

10  500 

4  290 

5  460 
5  460 

4  290 

5  460 
4  290 
3  240 
3  000 
3  240 
3  240 
3  240 
3  240 

12  208 

24  266 
27  311 
14  113 

25  181 
14  159 

6  118 
3  541 
3  581 
3  349 
3  240 
5  613 

1.27 

2.28 

2.84 

1.42 

2.62 

1.43 

.64 

.37 

.37 

.35 

.33 

.58 

1.11 

2.30 

2.48 

April 

1.28 

2.28 

1.28 

July 

.l>5 

.32 

.32 

.30 

November 

.29 

.51 

Total 

ii' 880 

14.50 

i 
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TABLE  No.    1— {Continued). 

Potomac  River  at  Gkeat  Falls,  Md. 

Drainage  Area 11  043  square  miles. 


Discharge  in  Secokd-Feet. 

KUN 

OFF. 

Month. 

Maximum. 

Minimum. 

Mean. 

Depth  In 
inches. 

Second-feet 
per  square 
mile. 

1888.    January  

44  400 
65  400 
59  800 
44  400 
29  700 
34  600 
213  000 
24  800 
84  000 
39  500 
54  200 
84  000 

3  240 

4  290 
7  900 

4  290 
3  580 
3  000 
3  240 
3  000 
3  240 
3  580 

5  460 
3  680 

12  754 

27  768 

28  897 

17  990 
10  634 

8  707 

18  640 
4  942 

16  833 

7  077 

16  435 

13  703 

1.33 
2.70 
3.01 
1.82 
1.11 

.88 
1.94 

.51 
1.70 

.74 
1.66 
1.43 

1.15 

2.51 

2.62 

April 

1.63 

May 

.96 

June 

July 

.79 
1.69 

August 

.45 

1.52 

.64 

November 

1.49 

1.24 

Total 

15  365 

18.83 

Mean 

1889.    January 

February 

March 

120  080 

65  400 

188  200 

167  840 

44  400 

471  700 

65  400 

65  400 

71000 

la7  680 

167  840 

104  320 

5  460 

5  460 

10  500 

7  900 

7  900 

3  580 

3  240 

5  460 

5  460 

7  900 

20  400 

16  300 

31292 
19  049 
37  932 
.35  791 
19  020 
47  761 
9  610 
36  393 
25  497 
29  573 
65  214 
27  820 

3.26 
1.77 
3.95 
3.61 
1.98 
4.65 
1.00 
1.71 
2.57 
3.08 
6.58 
2.90 

2.83 
1.72 
3.4:t 

April 

3.24 

May 

1.72 

June  

4.32 

July 

.87 

1.48 

2.31 

2.67 

November 

5.90 

2.52 

Total 

32'  ois 

37.06 

28 
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TABLE  No.   \— {Continued). 

Potomac  Eivee  at  Gbeat  Faujs,  Md. 

Drainage  Area 11  043  square  miles. 


Discharge  in  Second-Feet. 

RUN- 

OFF. 

Month. 

1 
Maximum.     Minimum. 

Mean. 

Depth  in 
inches. 

Second-feet 
per  square 
mile. 

1890.    January 

16  300              5  460 
84  000               3  580 

180  000             16  300 
59  800             10  500 

204  700       1       16  300 
34  600       1       13 100 
24  800               3  000 
24  800               3  000 
24  800       1         3  580 

154  560               5  460 
16  300               5  460 
20  400               4  290 

9  652 
38  948 
48  920 
25  330 
50  422 
20  553 

6  426 

6  7^^8 

7  913 

1.01 

3.68 

5.09 

2.56 

5.26 

2.07 

.67 

.71 

.80 

.87 

3.52 

4.43 

April 

2.29 

May 

4.56 

1.86 

July 

.58 

.61 

.72 

23  616                 2.46 

2.14 

November 

9  394 
8  457 

.94 
.88 

.85 

.77 

Total 

2i'36'8 

26.13 

1891 .     January 

120  080 

173  920 

154  560 

229  600 

29  700 

104  320 

24  800 

24  800 

16  300 

3  580 

5  460 

54  200 

7  900 
34  600 
20  400 
10  500 

4  290 

5  460 

6  460 
3  240 
3  000 

3ono 

3  240 
3  580 

40  710 

79  986 

59  653 

71444 

6  260 

22  062 

11717 

7102 

6  022 

3  948 

4  546 
9  682 

4.25 
7.54 
6.23 

7.22 
.65 

2.23 

1.22 
.74 
.61 
.41 
.46 

1.01 

3.68 

February  

March 

7.23 
5  40 

April 

6.47 

May 

.57 
2.00 

July 

1.06 

.64 

September 

.54 

October 

.35 

.41 

December 

.88 

Total 

26'92"8'       * 

32.57 
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for  instance,  the  Missoiiri  at  Craig,  Montana,  with  a  drainage  area  of 
17  615  square  miles,  has  a  total  yearly  run-off  of  only  4  inches. 

Rainfall. 

We  now  come  to  a  subject  which  in  its  relation  to  liver-flow  makes 
a  very  interesting  study,  Init,  at  the  same  time,  ^vith  our  present  state 
of  knowledge,  an  unsatisfactory  one. 

Records  of  the  daily  rainfall  at  various  points  in  the  Potomac  ])asiu 
for  a  series  of  years  have  been  obtained  from  the  Weather  Bureau,  and 
on  Plate  XIII  is  shown  the  daily  rainfall  at  eight  stations  throughout  the 
basin  for  the  year  1890,  with  also  the  daily  gauge  height  of  the  Poto- 
mac River  at  Great  Falls  and  the  curve  of  sediment  observations  at 
the  same  place.  From  this  diagram  the  river  is  seen  to  respond  in  a 
certain  degree  to  a  daily  rainfall,  but  owing  to  the  size  of  the  basin  the 
effect  of  a  rainfall  in  a  certain  part  of  it  upon  the  total  flow  of  the  river 
cannot  be  interpreted  until  the  different  peculiarities  of  the  sub-basins 
have  been  investigated,  and  until  there  has  been  found  the  effect  a  rain- 
fall has  on  the  stream-flow  of  the  sub-basin  in  which  it  occurs. 

Table  No.  2  shows  the  relation  between  the  monthly  rainfall  and 
the  run-off.  The  first  column  for  each  year  gives  the  corrected  total 
monthly  rainfall,  a  rain  occurring  at  the  end  of  a  month  being 
added  to  the  rainfall  for  the  following  month  as  affecting  the  river-flow 
of  that  month.  The  second  cohimn  gives  the  river-flow  in  inches,  and 
the  third  the  percentage  of  river-flow  to  rainfall. 

An  inspection  of  this  table  will  show  the  futility  of  computations 
of  discharge  based  upon  percentages  of  monthly  rainfalls.  A  general 
rule  has  not  yet  been  found  by  which  river-flows  can  be  deduced 
from  rainfall  records,  although  the  method  of  Mr.  C.  C.  Vermeule, 
as  presented  in  his  report  on  the  water  supi^ly  of  the  State  of 
New  Jersey,  seems  nearer  the  sohition  of  the  question  than  any 
heretofore  jjresented.  His  deductions  are  based  upon  the  results  of 
work  on  rivers  of  small  water-sheds,  and  before  they  can  be  applied  to 
the  Potomac  River  the  coefficients  will  have  to  be  modified,  as  is 
shown  by  an  off-hand  application  of  the  methods.  This  can  only  be 
done  after  a  more  detailed  study  of  the  basin  has  been  made. 

In  Table  No.  3  ajjpear  the  averages  of  the  foregoing  figures.  The 
second  column,  headed  "smoothed  out,"  under  each  general  subject 
requires  an  explanation.     They  are  derived  from  the  figures  of  the  first 
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TABLE    N 

O.      3. 

AVEEAGES. 

Discharge. 

Eainfall. 

Peb  Cent. 

Tempebature. 

Wind. 

. 

s 

!i 

3 

3 

ff 

o 

O 

o 

Month. 

tJ    . 

•a  . 

"^fl 

w 

■d  00 

W 

^W 

<S    X 

5  S 

V  in 

<0  no. 

S5  ^ 

QDfc. 

g  5f 

it 

O  60 

6  o 

p 

V-, 

o  a 

a'- 

^« 

aS 

t^ 

a^ 

g:P 

a« 

^s 

n^ 

< 

GQ 

< 

03 

< 

02 

*f1 

03 

■< 

00 

January 

2.09 

2.21 

3.21 

3.09 

65.2 

75.3 

34.5 

33.1 

5.4 

5.6 

February 

3.36 

3.11 

3.35 

3.57 

98.5 

86.8 

29.3 

34.9 

6.0 

6.2 

3.62 
3.51 
2.36 
1.93 
1.00 

3.53 
3.25 
2.54  1 
1.81 
1.18 

4  39 
3.48 
5.11 
5.25 
4.89 

3.90 
4.12 
4.74  1 
5.12 
4.71 

84.9 
104.1 
44.7 
38.2 
23.1 

93.1 

84.4 
57  9 
36.5 
26.4 

42.3 
53.8 
64  1 
75.1 

75.1 

41.9 
53.5 
64.3 
72.3 
74  2 

7.4 
6.7 
5.4 

5.0 
4.5 

6.9 

April 

6  7 

May 

5  6 

5  1 

July 

4.5 

.78 
1.06 

.91 
1.03 

3. HI 
3.86 

4.09 
3.54 

21.3 
•25.0 

22.7 
27.9 

71.7 
64.9 

70.9 
63.4 

4.0 
4.4 

4  2 

September 

4.4 

October 

1.21 

1.32 

2.65 

3.01 

411.5 

4it.l 

52.0 

53.6 

4.9 

4.9 

November 

1.79 

1  53 

2.88 

2.75  1 

54.3 

55.3 

45.6 

46.8 

5.3 

4.8 

December 

l.Si 

1.63 

2.59 

2.82 

72.3 

66.0 

44  1 

42.1 

5.7 

5.4 

Total 

24.03 

45.47 

Mean 

53.0 

1 

54.4 

5.4 

column  in  each  case,  by  applying  to  the  latter  the  formula  i  {a -\- 2b -\- c) , 
in  which  "  i  "  represents  the  figures  in  the  first  column  for  the  month 
under  consideration  "a,"  the  figures  for  the  preceding  month,  and  "  c," 
those  for  the  following  month,  as  for  instance,  under  discharge  for 
the  month  of  February  we  find  3.11  inches  in  the  "  smoothed  out  " 
column.  It  is  derived  as  follows:  i  (2.09  +  2  x  3.36  +  3.62)  =3.11. 
This  method  eliminates  abnormal  observations,  and  where  the  resultant 
figures  are  treated  graphically  a  more  characteristic  curve  is  the  result. 
On  Plate  XII,  Fig.  2,  are  shown  these  smoothed-out  values.  At  the  top 
of  the  diagram  is  the  normal  curve  of  the  monthly  flow  of  the  river;  below 
that  is  the  normal  monthly  rainfall  curve,  and  then  the  curve  showing 
the  relation  between  these  two,  or  the  percentage  of  discharge  to  rain- 
fall. The  two  lower  curves  are  those  of  temperature  and  wind  move- 
ment. No  direct  connection  between  the  river-flow  and  rainfall  curves 
can  be  perceived  on  this  diagram.  The  maximum  point  for  the  former 
occurs  in  March,  and  the  minimum  in  August,  while  for  the  latter 
curve  the  corresponding  points  are  not  reached  until  June  and  Decem- 
ber. The  comparison  of  the  third  or  ratio  curve  to  the  upper  two  is  of 
interest  as  showing  the  relation  between  the  three.     It  is  seen  to  follow 
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quite  closely  the  discharge  curve.  No  especial  inferences  are  to  he 
drawn  from  the  two  lower  curves.  They  are  inserted  as  being  of 
general  interest. 

The  Potomac  River,  formed  by  the  junction  of  its  two  main  affluents, 
the  North  and  South  branches,  takes  its  rise  in  the  Allegheny  Moun- 
tains, the  North  branch  in  the  western  part  of  the  State  of  Maryland, 
and  the  South  branch  in  the  State  of  West  Virginia.  The  direction  of 
flow  is  to  the  northeast,  draining  generally  narrow  and  precipitous 
valleys.  After  the  union  of  the  two  branches  the  main  river  has  a 
direction  nearly  at  right  angles  to  its  previous  course  and  to  the  trend 
of  the  mountains. 

The  drainage  areas  of  the  North  and  South  branches  at  their  junc- 
tion are  1  365  and  1  407  square  miles  respectively;  of  the  main  river  at 
Harper's  Ferry,  above  its  junction  with  the  Shenandoah,  6  354  square 
miles,  and  of  the  latter  stream  at  the  same  point,  3  009  square  miles. 

The  Potomac  is  subject  to  very  sudden  and  heavy  freshets,  due  to 
its  narrow  and  steep-sided  valleys,  and  also  to  the  fact  of  the  non-occur- 
rence of  lakes  throughout  its  basin,  which  wovxld  act  as  equalizers  to  the 
flow,  reducing  the  intensity  of  the  floods  and  increasing  the  summer  flow. 

The  slope  of  the  South  branch  from  a  point  10  miles  above  Moprfield 
to  its  mouth  is  5. 7  feet  per  mile  ;  of  the  Shenandoah  from  Port  Re- 
public to  Front  Royal  it  is  6.0  feet  per  mile  ;  from  Front  Royal 
to  its  mouth  the  fall  is  3.9  feet  per  mile  ;  and,  finally,  from  Port 
Republic  to  the  mouth,  5.3  feet  per  mile.  It  is  thus  seen  that  for  their 
entire  courses  the  South  branch  and  the  Shenandoah  River  have  nearly 
the  same  fall,  but  owing  to  the  narrower  and  steeper-sided  valleys  of 
the  former  stream,  and  to  the  phenomena  of  subterranean  flow  in  the 
Shenandoah  basin,  the  South  branch  is  subject  to  the  greater  varia- 
tions in  discharge.  The  fall  of  the  main  river  between  Cumberland 
and  Harper's  Ferry  is  3. 7  feet  per  mile  ;  between  Harper's  Ferry  and 
Washington,  4.0  feet,  or  a  slope  of  2.5  feet  per  mile  if  the  fall  of  90  feet 
occurring  at  Great  Falls  be  subtracted.  For  the  entire  length  from 
Cumberland  to  Washington  the  fall  is  3.3  feet  per  mile. 

The  tributaries  of  the  Potomac  entering  from  the  north  do  not  drain 
such  an  extent  of  country  as  the  southern  ones.  Their  basins  are  of  a 
more  rolling  character,  the  declivities  are  not  as  great,  and  the  general 
altitudes  of  the  areas  are  less.  The  rivers  are,  however,  liable  to  quite 
violent  freshets. 
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A  word  now  in  regard  to  tlie  sediment  curve  represented  upon  Plate 
XIII.  Simultaneously  with  the  gauge-height  records  of  Great  Falls 
made  by  the  officials  of  the  Washington  Aqueduct,  another  record  has 
been  kept,  namely,  "condition  of  water,"  as  it  is  called,  or  observa- 
tions upon  the  amount  of  matter  carried  in  suspension  in  the  river. 
The  method  of  measurement  is  as  follows :  A  horizontal  metallic  tube, 
36  inches  long  and  with  glass  ends,  is  filled  with  water,  and  the  dis- 
tance at  which  a  ball  immersed  therein  can  be  seen  from  one  end  is 
noted.  The  observations  vary  from  1  inch  in  very  muddy  water  to  36 
inches,  which  is  considered  clear. 

Besides  the  measurement  of  the  discharge  of  the  river,  the  writer 
has  caused  to  be  collected  samples  of  the  river  water  at  Great  Falls. 
These  are  sent  into  the  main  office,  Avhere  they  are  analyzed  qtianti- 
tatively,  in  so  far  as  the  determination  of  the  ratio  of  the  weight 
of  the  contained  sediment  to  the  total  weight  of  the  sample.  From 
these  measurements  it  is  hoped  that  a  rating  curve  may  be  con- 
structed for  the  record  of  "condition  of  water,"  interpreting  these 
visual  and  relative  records  into  quantitative  values.  A  great  degree  of 
accuracy  is  not  expected  to  be  found  in  the  results,  owing  to  the  crude 
method  of  measurement  in  use  by  the  officials  of  the  Washington  Aque- 
duct, but  it  is  hojDed  that  from  the  general  law  of  averages  the  compu- 
tations for  a  series  of  years  will  approximate  the  truth.  The  quantita- 
tive measurements  have  not  as  yet  progressed  far  enough  for  computa- 
tions to  be  made.  The  sediment  curve  shown  on  Plate  XTEI  is  a  gra^ih- 
ical  representation  of  the  Washington  Aqueduct  record  for  1890  of 
"  condition  of  water." 


DISCUSSION. 


G.  H.  Mendell,  M.  Am.  Soc.  C.  E. — In  California  there  is  a  moun- 
tainous area  of  about  12  square  miles,  the  drainage  from  which  is  either 
mainly  or  entirely  stored  in  reservoirs.  The  yearly  rainfall  is  subject 
to  great  variation,  being  as  little  as  20  inches  and  as  much  as  80  inches. 
A  moderate  season  gives  about  40  inches.  The  capacities  of  the  reser- 
voirs are  sufficient,  in  general,  for  storage  of  this  water,  but,  excep- 
tionally,  some  has  to  be  wasted.  The  rainy  season  may  be  stated  as 
extending  from  October  to  April,  although  a  little  rain  falls  in  other 
months.     The  summer  and  autumn  make  the  dry  season.     The  num- 
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ber  of  rainv  days  in  a  season  is  usually  found  between  the  limits  of 
forty  and  ninety  days.  The  season  usually  consists  of  several  days  of 
rain,  followed  by  a  period  of  clear  weather.  This  circiimstance  i^er- 
mits  the  drainage  of  each  storm,  for  a  period  of  days,  to  be  meas- 
ured. The  rainfall  over  the  basin,  or  rather,  basins,  for  there  are  two 
(the  overflow  from  one  reservoir  being  conducted  to  the  other),  is  taken 
to  be  as  recorded  respectively  in  two  gauges,  one  at  each  reservoir. 
The  ground  above  the  reservoirs  is  high,  and  generally  wooded;  and 
the  declivities  are  steep,  but  not  generally  rocky.  Observations  of 
rain  and  reservoir  gauges,  kept  during  a  number  of  years,  offer  an 
opportunity  to  study  the  delivery  to  the  reservoirs  as  to  rate  and 
quantity. 

Each  season  has  its  own  law  of  productiveness  dependent,  not  only 
upon  the  amount,  but  also  upon  the  mode  of  occurrence  of  rainfall. 
Eight  inches  have  fallen  in  twenty-four  hours,  and,  in  some  months, 
25  or  more  inches,  giving  great  monthly  inequalities  in  the  same 
season.     In  other  years  the  monthly  rates  are  more  nearly  equal. 

In  spite,  however,  of  the  rule  of  extreme  variations  in  quantities 
and  modes  of  occurrence,  certain  generalizations  of  more  or  less  defin- 
iteness  may  be  drawn  from  statistics  covering  a  number  of  years, 
and  including  all  kinds  of  seasons,  excessive,  moderate  and  dry,  so- 
called. 

The  ground,  at  the  beginning  of  the  wet  season,  is  in  condition  to 
take  up  moisture  readily,  and  the  first  10  inches  of  rain  mainly^  if  not 
entirely,  go  to  the  ground  and  foliage.  In  moderate  seasons  25  to  30 
per  cent,  of  the  total  rainfall  runs  oflf.  In  seasons  of  exceptional 
severity,  the  reservoirs  are  not  able  to  take  all  the  water.  The  waste 
has  not  been  measured,  but  the  drainage  exceeds  40  per  cent. 

As  the  season  advances,  and  the  ground  approaches  more  nearly  to 
saturation,  a  given  rainfall  yields  an  increased  percentage  of  product. 
In  one  case,  a  month  yielded  for  storage  more  than  60  per  cent,  of  the 
corresponding  rainfall.  The  first  20  inches  generally  give  a  run-off 
of  10  or  12  per  cent.  If,  however,  the  total  rainfall  of  the  season 
does  not  mtich  exceed  20  inches,  and  is  distributed  through  the 
winter  and  spring,  the  product  is  very  little,  and  not  far  from  5  per 
cent. 

Generally,  in  a  moderate  season,  the  first  30  inches  give  a  run-ofi" 
about  15  to  20  per  cent.  In  one  case,  where  30  inches  fell  in  the 
early  part  of  the  season,  in  a  short  time,  as  much  as  30  per  cent,  ran 
ofi'.  After  30  inches  have  fallen,  the  product  of  the  remainder  of  the 
season  is  generally  found  between  the  limits  of  45  and  55  per  cent,  of 
the  corresponding  rainfall.  But,  in  case  of  excejational  rainfall,  the 
proportion  of  drainage  may  be  greater. 

There  is  a  useful  lesson  in  the  fact  that  the  projjortion  of  run-off  in 
the  latter  part  of  a  good  season  is  large.     When  waste-ways  are  not 
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proi^ortioned  to  cany  this  excessive  flowage,  it  is  plaiu  tliat  safety  of 
the  earthern  embankment  imposes  great  caution  in  filling  the  reservoir. 
There  is  temptation  to  this  policy  in  countries  where  rainfall  is  uncer- 
tain and  often  insufficient. 

H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  presence  of  steei)-sided 
valleys  and  absence  of  lakes  in  the  drainage  area  of  the  Potomac  are 
undoubtedly  due  to  the  fact  that  the  whole  district  referred  to  in  Mr. 
Babb's  paper  is  south  of  the  area  covered  by  glaciers  during  the  ice 
age.  In  Virginia,  no  deeply  eroded  valleys  have  been  filled  with  drift, 
no  narrow  gorges  choked  by  moraines  to  form  natural  impounding 
reservoir's,  and  no  long  kcnnes  to  retard  the  surface-water  and  enlarge 
swamj)  areas  in  the  more  elevated  regions.  While  the  Potomac  was 
uninterrujitedly  scouring  its  way  down  to  bed  rock,  many  of  the 
northern  rivers  were  crowded  out  of  their  valleys  and  obliged  to  con- 
tinue their  work  of  transportation  at  a  much  higher  level  and  to  create 
new  channels.  Now,  if  such  an  excellent  study  as  Mr.  Babb  has  made 
of  the  Potomac  could  be  repeated  in  a  more  northern  section  of  the 
country,  perhaps  in  relation  to  the  Connecticut,  the  Merrimac  or 
the  Penobscot,  having  like  regard  to  the  geology,  total  area,  diflference  in 
elevation  between  source  and  outlet,  rainfall,  volume  of  discharge  and 
quantity  of  sediment,  the  comparison  would  be  very  interesting. 
Although  somewhat  paradoxical,  it  might  a^^pear  that  the  deposition 
of  a  vast  amount  of  loose  material  in  a  well-eroded  valley  and  upon  its 
watershed,  actually  retarded  the  removal  of  the  material  toward  the 
sea  through  its  effect  in  equalizing  the  flow  and  thereby  lessening  the 
velocity  and  carrying  capacity  of  the  water.  In  determining  the 
amount  of  sediment  from  the  drift  area,  some  other  method  than  that 
described  might  be  introduced,  as  in  a  lake  or  swamj}  district  the 
color  of  the  water  would  be  aflfected  by  vegetable  substances  hardly  to 
be  called  sediment  as  that  word  is  generally  understood. 

The  importance  of  such  a  paper  as  this  relating  to  the  Potomac 
cannot  be  too  highly  rated.  Questions  bearing  upon  water  supj^ly 
and  water  power  can  only  be  satisfactorily  answered  after  such  studies 
have  been  made,  and  greater  attention  is  being  yearly  given  to  both  of 
these  subjects. 

Mr.  F.  H.  NET\'ELii. — The  hydrographic  measurements  made  upon  the 
Potomac  River  form  a  part  of  the  general  study,  carried  on  by  members 
of  the  Geological  Survey,  of  the  forces  modifying  the  earth's  surface 
and  of  the  resultant  phenomena.  In  the  particular  matter  in  hand, 
viz. ,  the  distribution  of  water  in  rivers  and  lakes,  and  the  variation  in 
amount  from  month  to  month  and  year  to  year,  there  has  been  a  great 
lack  of  data,  and,  as  a  consequence,  the  efforts  of  the  Survey  have  been 
concentrated  largely  upon  the  acquisition  of  facts  and  in  bringing  to- 
gether the  comparatively  fragmentary  results  of  measurements  made 
throughout  the  United  States. 
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Tlie  observatious  made  on  the  Potomac  by  Mr.  Babb  and  the  com- 
putations resulting  from  the  use  of  the  acquired  data,  begin  to  show, 
not  only  the  character  of  the  stream,  but  also  furnish  material  for  com- 
laarison  with  other  rivers.  One  of  the  most  striking  facts  is  the  extent 
of  the  fluctuations  in  quantity  discharged,  the  average  for  one  year, 
1889,  being  over  twice  the  amount  for  the  preceding  year,  and  nearly 
three  times  the  quantity  discharged  the  year  before  that.  This  great 
variation  by  any  one  river  is  a  matter  not  commonly  recognized  by  the 
public,  and,  when  attention  is  called  to  it,  many  engineers  are  apt  to 
attribute  it  to  local  or  temporary  causes.  As  a  matter  of  fact,  how- 
ever, the  study  of  the  rivers  of  the  United  States  shows  that  all  are 
subject  to  what  may  be  called  non-periodic  oscillations,  viz.,  to  a  pro- 
gressive increase  in  amount  of  water  discharged  through  a  period  of 
years,  it  may  be  two,  five,  ten,  or  any  number,  followed  by  a  decrease 
of  greater  or  less  raj^idity  and  extending  through  several  years. 

The  term  non-jjeriodic  is  applied  to  these  general  oscillations  of  in- 
definite length,  to  distinguish  them  from  the  periodic  oscillations  due 
to  the  annual  range  in  in-ecipitation,  temperature,  wind  movement,  and 
other  climatic  factors.  This  comparatively  regular  variation  in  river 
flow  th}'oughout  the  year  can  be  ascertained  by  a  few  years'  observa- 
tion, and  the  characteristics  of  the  river  as  to  the  usual  time  of  floods 
and  droughts,  their  duration  and  intensity,  can  be  determined.  By 
setting  aside  the  effects  due  merely  to  these  annual  changes  it  becomes 
possible  to  study  non-periodic  changes  and  to  make  comiJarisons  of 
one  river  system  with  another. 

Such  measurements  as  these  on  the  Potomac  and  other  rivers  of  the 
United  States,  while  they  have  not  been  continued  for  a  number  of 
years  sufficient  to  give  full  information,  yet  furnish  indications  of  the 
relative  importance  of  some  of  the  factors  modifying  river  flow.  The 
discharge  of  a  stream  is  the  resultant,  not  only  of  the  quantity  of  rain- 
fall, but  of  the  rate  of  precipitation,  the  temperature,  Avind  movement, 
condition  of  the  ground,  whether  wet  or  dry,  its  inclination,  the  per- 
vious character  of  the  soil,  and  many  other  conditions.  Each  modifies 
the  other  to  such  an  extent  that,  in  a  large  drainage  basin  at  least,  the 
measurement  of  any  one,  for  example,  rainfall,  is  of  very  small  value  in 
determining  the  quantity  of  river  flow,  for,  as  shown  by  hydrographic 
work  in  the  West,  a  comparatively  large  annual  lorecipitation  may  or 
may  not  be  accompanied  by  an  increased  river  flow.  . 

Difterent  combinations  of  the  more  important  factors,  viz. ,  precipi- 
tation, temperature  and  wind  movement,  may  have  a  cumulative  effect 
in  one  direction  or  the  other  in  increasing  or  diminishing  the  river  flow 
to  a  remarkable  degree.  On  the  one  hand,  heavy  precipitation,  prevail- 
ing low  temperature  above  freezing,  and  slight  wind  movement  may 
give  a  great  run-ofl",  and  in  another  year  a  slightly  less  precipitation, 
high  temperature  and  considerable  wind  movement  may  result  in  nearly 
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dry  channels  in  the  streams.  The  fact  to  be  dwelt  upon  is  that  small, 
almost  insignificant,  variations  in  each  of  the  climatic  factors  produce 
results  whose  importance  as  regards  river  flow  is  immeasurably  beyond 
the  changes  wrought  by  man  on  the  earth's  surface. 

Two  misconceptions,  viz.,  on  the  one  hand,  the  failure  to  appreciate 
the  results  of  climatic  oscillations,  and  on  the  other,  the  tendency  to 
exaggerate  the  importance  of  changes  due  to  the  advance  of  civiliza- 
tion, have  resulted  disastrously  in  many  ways.  As  one  example,  may 
be  cited  the  attempts  made  to  introduce  agi*iculture  upon  the  western 
edge  of  the  Great  Plains,  where,  from  lack  of  streams,  irrigation  is  im- 
possible. It  so  hajipened  that  about  the  years  1884,  1885  and  1886 
there  was  an  unusual  amount  of  moisture  in  many  localities  where 
summer  droughts  usually  prevail.  The  conclusion  was  immediately 
reached  that  the  rainfall  on  the  jilains  was  increasing  and  with  the  ad- 
vance of  settlement  a  ijermanent  improvement  of  climate  had  resulted. 
Hundreds  and  even  thousands  of  families  were  induced  to  settle  upon 
these  dry  plains  by  the  statement,  in  many  cases  stamped  with  official 
approval,  that  the  rainfall  was  increasing.  Hardly  was  settlement 
well  under  way  before  the  climatic  oscillations  took  the  downward 
turn,  and  after  three,  four,  and  even  five  years  of  struggle,  the  farmers, 
who  had  hardly  been  able  to  recover  the  seed  from  the  ground,  were 
literally  starved  out  and  many  were  compelled  to  solicit  aid  in  order 
to  leave  the  country.  Experience  shows  that  crops  can  jjrobably  be 
raised  again  as  they  have  been  in  past  years,  but  while  waiting  for  the 
fortunate  year  an  agricultural  population  will  die  of  famine. 

Other  examples  of  climatic  oscillation  may  be  cited  in  the  case  of 
important  streams  of  Colorado  and  other  States  which  declined  from 
about  1885  to  1888,  in  the  latter  year  discharging  only  one-fourth  or 
even  one-fifth  that  of  former  years.  These  have  been  held  as  examples 
of  the  evil  results  of  destroying  the  forests,  but,  unfortunately  for  the 
theory,  a  continuation  of  measurements  and  a  more  general  study  show 
that  this  decline  is  not  continuous  nor  confined  to  localities  where  the 
mountains  have  been  laid  bai'e.  Neither  does  a  close  examination  of 
the  data  furnish  support  for  the  popular  belief  that  the  spring  floods 
are  as  a  rule  higher  or  more  destructive,  or  the  summer  droughts  longer 
or  more  severe,  the  oldest  inhabitant  to  the  contrary. 

To  sum  up  the  results  of  hydrograj^hic  measurements  so  far  as  they 
have  been  carried  on,  the  data  point  toward  the  facts  that  variations 
in  river  flow  are  exceedingly  irregular,  and  are  so  greatly  modified  by 
comparatively  small  changes  in  climatic  factors  that  in  a  large  drain- 
age basin  at  least,  measurements  of  any  one,  as  of  rainfall,  as  ordinarily 
conducted,  furnish  little  information  as  to  the  quantity  discharged. 
Over  adjacent  drainage  areas  there  is  a  general  similarity  in  variations 
of  river  flow,  but  the  attempt  to  extend  comparisons  over  a  consider- 
able fraction  of  the  countrv  is  often  fruitless. 
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Cyrus  C  Babb,  Jun.  Am.  Soc.  C.  E. — The  writer  has  in  course  of 
l^reparation  a  similar  paper  to  the  above  on  the  Connecticut  River 
Basin,  based  upon  the  measurements  of  Gen.  Ellis,  from  February, 
1871,  to  December,  1877,  on  gauge-height  observations  maintained  since 
that  date,  and  upon  the  rainfall  records  of  the  Weather  Bureau,  and 
he  is  in  hopes  of  being  able  to  present  some  interesting  comi^arisons 
between  the  two  basins. 

Of  late  years  engineers  are  coming  to  recognize  the  futility  of  com- 
putations of  river-flow  based  on  empirical  formulas.  The  present 
writer,  fully  recognizing  this  fact  and  believing  that  computations 
shoiild  only  be  based  upon  actual  measurements,  wishes,  however,  to 
present  a  curious  fact  found  amongst  his  figures.  In  his  velocity  meas- 
urements ui^on  the  Potomac  River,  the  integration  system  was  at  first 
iised,  but  afterwards  discontinued  for  velocity  measurements  at  sep- 
arate points  in  the  vertical  cross-section.  From  these  measurements 
vertical  velocity  curves  were  constructed.  The  mean  velocity  for  each 
vertical  section  was  then  computed  with  its  corresponding  depth,  and 
what  he  desires  to  call  especial  attention  to,  the  ratio  of  the  depth  of 
the  mean  velocity  to  the  total  depth  was  found,  as  shown  in  the 
following  table,  which  gives  for  each  date  this  ratio  for  every  ten  feet 
across  the  river. 


30 

35 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

Mean. 

.June  13tli 

.60 
.57 

.61 

.65 

.58 

.53 

.54 

.62 
.53 

.54 
.58 

.55 
.58 

i 

571 

December  lijili 

.62 

.55 

.53 

.51 

.66 

.568 

22d 

.60 

.60 

.64 

.68 

.64 

.61 

.62 

.63 

.57 

.62 

.621 

29th 

.66 

.60 

.56 

.56 

.... 

.m 

.58 

.61 

.53 

.60 

.55 

.571 

Mean 

.58 

.61 

.58 

.56 

.60 

.59 

.59 

.59 

.61 

.60 

.54 

.58 

.60 

.583 

The  Mississippi  River  Commission  found  from  their  work  a  ratio  of 
0.622.  Mr.  E.  E.  Haskell,  of  the  United  States  Coast  and  Geodetic 
Survey,  stated  to  the  writer  that  from  some  measui'ements  that  he  had 
occasion  to  make  he  considered  the  ratio  of  0.622  too  high. 
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EMERGENCIES   ON  RAILROADS. 


By  Channing  M.  BoijTON,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 

A  great  deal  has  been  published  ou  the  subjects  of  construction 
and  maintenance  of  way  of  railroads,  much  of  which  seems  to  the 
author  very  useful  and  a  great  deal  of  which  is  of  little  or  no  value 
to  the  average  engineer.  Having,  however,  had  much  exjjerience  in 
the  class  of  work  upon  which  he  i^roposes  to  write,  he  has  concluded 
to  venture,  hoping  that  what  he  has  to  say  may  be  found  of  use  to  some 
members  of  the  engineering  jjrof ession  who  may  be  called  on  "in  an 
emergency." 

What  to  do  in  an  Emergency. — Of  course,  on  "  our  roads  "  we  should 
have  no  emergencies,  but  should  be  fully  prepared  for  any  contingencies 
that  may  arise.  No  doubt,  we  would  be  so  prepared,  but  our  Finance 
Committees,  Boards  of  Directors,  Presidents,  General  Managers,  and 
Treasurers  are  sometimes  not  able  to  see,  or  if  able  to  see,  not  willing 
to  allow  "a  stitch  in  time."  Taking  into  consideration,  however, 
all  these  contingencies  and  allowing  to  those  who  are  always  fully  jjre- 
pared  the  privilege  of  not  reading  this  article,  a  few  practical  hints 
will  be  given  by  the  writer,  who  regrets  to  have  to  acknowledge  that 
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he  lias  frequently  had  to  learn  by  exi^erience  to  act  very  promjitly, 
when  at  the  same  time  he  was  very  jioorly  eqiiii^ped  for  his  work. 

Removal  of  u  Wreck  on  Ordlnnry  Gat  or  Fili  whentlie  TracJc  is  Obstructed. 
— The  first  object  is  to  ojaen  the  road  to  traffic.  The  next  is  to  decide 
which  cars  and  materials  are  Avorth  saving  and  to  work  with  this  end 
in  view,  cutting  up  such  wreckage  as  may  seem  worthless,  so  that  it 
can  be  the  more  easily  removed.  Then  place  "dead  men,"  or  select 
trees  or  other  stable  objects  if  they  can  be  found  in  proper  posi- 
tion from  the  wreck  and  sufficiently  rigid,  to  be  used  as  fixed  points  to 
which  to  attach  snatch  blocks.  These  are  to  be  rigged  with  2-inch 
manilla  ropes,  or  larger  if  necessary,  which  are  to  be  attached  to  a 
locomotive  and  also  to  such  jjarts  of  the  wreck  as  it  may  seem  best  to 
draw  out.  A  wire  rope,  such  as  is  described  in  the  accompanying  list 
of  necessary  tools,  should  be  used  in  taking  hold  of  the  wreckage, 
being  hitched  on  to  the  manilla  rope  for  this  purpose. 

Removal  of  a  Wreck  Occasioned  hy  the  Fall  of  a  Bridge. — 1st.  Decide 
what  is  worth  trying  to  save  and  remove  it  as  soon  as  possible. 

2d.  Measure  at  once  the  height  necessary  for  a  trestle;  and  if  there 
are  timbers  on  hand  that  will  answer  for  such  purposes,  order  them 
wji;  if  not,  make  arrangements  to  have  them  cut  and  delivered 
promptly,  ordering  about  50  jaer  cent,  more  of  heavy  timbers  and 
about  double  as  much  bracing  plank,  2  and  3  inches  thick,  from  16  to 
30  feet  long — as  the  net  estimate  calls  for.  The  surplus  will  Vie  needed 
for  scaffolding,  etc.  If  logs  of  from  12  to  18  inches  diameter  can  be 
obtained,  they  will  answer  better  than  square  timber  for  posts  and  be 
much  more  economical.  If  practicable,  have  half  of  the  material  de- 
livered on  each  end  of  the  wreck. 

3d.  If  in  a  river  or  other  water,  where  boats  can  be  used  to  advan- 
tage, start  a  carpenter  force  to  work  immediately  at  making  three  boats 
about  8x26  feet,  as  per  sketch  (Fig.  2,  page  47),  and  one  rowboat  about 
2i  X  18  feet,  if  you  have  no  such  boats  on  hand.  One  large  boat  is  to  be 
used  in  transporting  men  and  material,  the  other  twaas  described  below. 

4th.  Order  a  telegraph  ojierator  to  the  spot  at  once,  and  open  an 
office  near  your  work. 

5th.  Estimate  what  forces  are  needed,  according  to  your  best  judg- 
ment, and  order  them  to  be  hurried  to  the  work. 

6th.  If  the  case  is  one  where  yoa  will  be  detained  several  days, 
divide  the  force  up  into  day  and  night  squads,  and  order  the  squads 
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not  at  work  to  keei?  out  of  the  way  aud  to  reiiort  promptly  at  a  des- 
iguated  lioiir. 

7tli.  The  distribution  of  forces  should  be,  a  squad  of  about  twelve 
carj^enters  at  each  end  of  the  bridge  for  framing  and  raising;  a  squad 
of  about  twenty  laborers  with  an  intelligent  foreman,  to  attend  each 
carjienter  force  to  supply  it  with  materials,  and  to  furnish  additional 
assistance  to  handle  heavy  materials. 

Hth.  Be  .sure  to  have  plenty  of  6  and  8-inch  spikes,  both  cut  and 
wrought;  drift  bolts  about  22  x  -J  inches  or  f-inch  diameter,  aud  ordi- 
nary screw  bolts  H  and  'i  inches  diameter  and  24  inches  long,  with 
uuts  and  cast  washers. 

9th.  A  good  force  should  be  started  promptly  on  the  work,  chip- 
ping with  cold  chisels  and  loosening  bolts  where  they  are  likely  to 
hang,  so  that  the  parts  can  be  pulled  out  in  detail. 

loth.  Stretch  a  roi:)e,  if  possible,  across  the  stream,  to  be  used  as  a 
guide  to  the  boats  in  taking  men  and  materials  backward  and  forward. 

11th.  Under  certain  circumstances  the  wreck  can  be  handled  by  an 
engine  on  the  main  track,  with  snatch  blocks  as  heretofore  described; 
but  usually  it  is  best  to  build  a  temporary  track  down  the  hillside  to 
the  ])ottoms,  and  then  turn  this  track  on  the  bottom,  down  or  up 
stream  as  may  be  found  best;  the  engine  is  then  in  position  to  do 
the  most  effective  work,  either  working  directly  with  ropes  attached 
to  parts  of  the  wreck,  or  by  passing  ropes  through  snatch  blocks  as 
described  and  then  to  the  wreck. 

12th.  When  night  work  is  to  be  done,  arrange  during  the  day 
for  proper  lights,  and  place  them  in  charge  of  an  intelligent  man  de- 
tailed for  this  purpose.  The  author  has  found  the  Wells'  lights  very 
satisfactory;  the  ordinary  gasoline  lamp,  such  as  is  used  at  fruit 
stands,  etc.,  is  also  very  useful.  This  is  in  case  no  electric  plant,  such 
as  is  hereafter  described,  is  to  be  had. 

13th.  After  the  wreck  is  removed,  the  next  step  is  to  raise  the 
trestle.  Place  lever  arm  timbers,  12  x  12  inches,  about  30  feet  long,  with 
sheaves  set  in  them  at  about  2  feet  from  the  ends,  and  fasten  double  block 
with  1-inch  rojie  falls  about  1  foot  from  the  ends,  as  per  Fig.  1,  page  46, 
so  that  the  outer  ends  of  the  timbers  will  be  directly  over  the  jiosition 
in  which  it  is  desired  to  set  the  post.  Support  the  lever  arm  timbers  at  a 
l)oint  near  the  center  at  the  proper  distance  from  the  sheave  on  the 
abutment  or  next  trestle;  block  it  up  so  as  to  raise  the  sheave  ends  of 
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the  timbers  about  2  feet  above  the  top  of  the  caps;  then  secure  the 
inner  ends  of  the  lever  timbers  so  that  they  will  withstand  the  leverage 
when  lifting  timbers  at  the  outer  end.  Having  fastened  guide  planks  to 
two  of  the  large  boats,  as  shown  in  Fig.  2,  page  47  (which  planks  should 
project  from  one  side  of  the  boats,  so  as  to  make  the  distance  from  their 
ends  to  the  far  side  of  the  boat  the  distance  desired  between  the  trestle 
bents),  place  the  boat  with  the  current,  allowing  the  ends  of  the 
guide  planks  to  rest  against  the  abutment;  this  will  place  the  outer 
side  of  the  boat  in  the  proper  position  for  the  first  bent.  Then 
float  the  trestle  post  about  under  the  position  in  which  it  is  to  be  set, 
having  a  chain  or  rojie  sling  j^laced  around  it  a  short  distance  above 
its  center  of  gravity,  and  raise  it  with  the  fall  rope  until  the  lower  end 
is  above  the  surface  of  the  water;  then  loosen  the  fall  rope,  dropjjing 
the  post  in  the  jaroper  position  on  the  bottom,  using  the  outer  side  of 
the  boat  for  a  guide. 

If  the  bottom  is  soft  or  loose,  churn  the  timber  down  with  cant 
hooks;  if  there  is  an  irregular  rock  bottom,  select  interstices  or  low 
places  between  projections  on  the  bottom  for  the  posts  to  rest  on,^ 
though  they  may  not  be  exactly  in  line.  After  the  first  post  is  set 
on  the  bottom,  run  a  3-inch  plank  out  from  the  abutment,  spike  the 
outer  end  to  the  post,  plumb  the  post,  and  fasten  the  other  end  of 
the  projecting  plank  to  the  abutment.  Then  raise  the  other  three 
legs  of  the  bent  in  like  manner,  raising  the  two  center  posts  first, 
righting  them  ujj,  and  bracing  them  laterally  to  each  other  as  soon 
as  raised.  After  having  raised  the  two  center  jjosts  of  the  first  beut, 
spike  a  guide  jslank  to  one  side,  of  a  length  suflScient  to  take  in  all 
four  posts  when  raised,  being  careful  to  have  the  upper  edge  placed 
perfectly  horizontal  and  about  24  inches  below  the  position  that 
the  lower  chord  of  the  permanent  bridge  will  occupy.  Place  two 
lines  of  horizontal  braces  of  about  3  x  12-inch  jjlank  about  4  feet  below 
the  top  of  the  caps,  on  the  outsides  of  the  center  posts  and  parallel 
to  the  axis  of  the  bridge;  these  will  act  both  as  b];acing  and  scaffold- 
ing for  the  carpenters  (see  Fig.  1,  page  46).  Then  saw  otf  the  tops  of 
the  posts  flush  with  the  top  of  the  guide  plank;  place  the  cap  (which 
should  be  22  feet  long  in  order  to  use  it  as  false  work  in  raising  the 
permanent  bridge)  on  top  of  the  posts  and  drift-bolt  it  to  them  with 
bolts  of  five-eighths  or  three-fourths  inch  diameter,  and  22  inches  long, 
and  block  up  on  top  of  the  caps  to  the  proper  height  for  the  stringers. 
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When  the  first  bent  is  raised  and  ijroperly  braced,  move  the  '  ■  guide 
boat "  and  lever  arms  forward,  using  the  first  bent  in  the  same  manner 
as  the  abutment  was  used  in  the  start,  and  so  on  until  the  forces  work- 
ing in  the  same  way  from  the  other  end  of  the  span  are  met. 

14th.  Block  up  on  the  caps  to  the  proper  height,  and  put  stringers, 
cross-ties  and  rails  in  place. 

15th.  The  above  descrijition  is  for  cases  Avhere  the  height  is  not  too 
gi-eat  for  a  single-deck  trestle.  Where  additional  height  is  required, 
while  part  of  the  carpenter  force  is  raising  the  first  deck,  others  should 
frame  the  second  deck,  having  determined  its  height  liy  deciding  to 
what  height  the  first  deck  will  be  built. 

16th.  In  cases  where  there  is  little  or  no  water,  the  above-described 
method  may  be  used  for  clearing  the  wreck,  but  raising  the  trestle  is 
simplified  by  framing  bents  to  the  proper  height  and  raising  them  by 
use  of  ropes  attached  to  a  locomotive. 

An  engineer  should  take  charge  of  the  work  himself,  and  it  should 
be  understood  that  there  is  but  one  man  in  charge.  He  should  see  that 
his  forces  never  have  to  wait  for  materials  after  the  work  has  been 
started.  These  notes  are  suggestive  in  case  of  an  emergency  and  when 
an  engineer  is  poorly  prepared  to  meet  it.  A  memorandum  is  given 
below  of  such  things  as  every  company  should  have  at  a  convenient 
position  on  its  line,  and  which,  in  the  above-described  contingencies, 
will  make  the  task  much  easier. 

First. — One  or  more  good  wrecking  cars. 

Second — A  car  arranged  with  a  complete  electric  plant  sufficient  to 
run  ten  arc  lights,  a  part  of  the  car  being  used  for  the  storage  of  small 
tools. 

Third.  —  4  Wells'  lights  ;  one-half  dozen  gasoline  lamps,  such  as  are 
used  on  fruit  stands,  etc. 
2  iron  snatch  blocks  for  3^-inch  diameter  rope. 
2  iron  snatch  blocks  for  2-inch  diameter  rope. 
2  jjairs  iron   (two  single  and  two  double)  blocks,   2-inch 

diameter  rope. 
2  pau's  iron  (two  single  and  two  double)  blocks,   J-inch 

diameter  rope. 
6  pairs  iron  (six  single  and  six  double)  blocks,  1-inch  diam- 
eter rope. 
4  large  5  J -foot  cross-cut  saws. 
4  small  4-foot  cross-cut  saws. 
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Oue  end  chisel  i^ointed, 
the  other  drawn  to  a 
sharp  point. 


6  pinch  havs,  octagon  steel,  J -inch 
diameter 

6  pinch  bars,  octagon  steel,  |-inch 

diameter 

12  track  claw  bars. 

12  crow-bars. 

12  sjjiking  mauls. 

12  cold  chisels  (cleavers). 

12  cold  chisels  (hand). 

4  boring  machines,  assorted  bits. 

6  ship  augers,  i-ineli. 

6  ship  augers,  |-inch. 

6  ship  augers,  1-inch.. 

4  ship  augers,  iJ^-inch. 

6  adzes. 
12  pole  axes  and  helves. 
12  hand  hammers,    4  pounds. 

4  hand  hammers,    6       " 

4  hand  hammers,    8       " 

4  hand  hammers,  12        " 
2  grindstones. 

1  dozen  water  buckets. 
12  kegs  6-incli  cut  sjjikes. 
12  kegs  8-inch  cut  spikes. 

12  kegs  8-inch  wrought  spikes. 
12  kegs  6-inch  wrought  spikes. 

5  kegs  12-penny  nails. 

200  I -inch  screw-bolts,  18  and  24  inches  long. 

200  |-inch  screw-bolts,  18  and  24      "  " 

400  cast  washers,  for  f-inch  bolts. 

400  cast  washers,  for  |-inch     " 

100  drift  bolts,  f-inch  diameter,  22  inche's  long. 

12  1-inch  manilla  rope  slings,  from  4  to  6  feet  long. 

12  2-incli  manilla  rope  slings,  from  4  to  6    "       " 

6  pliable  wire  ropes,  1  inch  diameter,  50  feet  long,  hook  at 

one  end,  link  at  the  other  end. 

2  pliable  wire  ropes,  1  inch  diameter,  100  feet  long,  hook 

at  one  end,  link  at  the  other  end. 
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2  ijliable  wire  roiies,  1  inch  diameter,  30  feet  long,  hook  at 
one  end,  link  at  the  other  end. 
12  chain  shackles,  see  Fig.  4,  page  47. 

2  dozen  shovels. 

1  dozen  picks. 
12  boat  poles,  with  hooks,  as  per  Fig.  3,  page  47. 
24  "log  dogs,"  as  per  Fig.  5,  page  47,  for  fastening  ropes, 
when  drifting  timber. 

1  coil  37-inch  manilla  roiie. 

4  fall  ropes,  1  inch  diameter,  200  feet  long. 

1  extra  coil,  1  inch  diameter. 

1  extra  coil,  |-inch         " 

1  bale  of  oakum. 

1  barrel  pitch. 

1  dozen  wrenches  of  various  sizes. 

2  dozen  monkey  wrenches. 

4  chains,  |-inch  iron,  6  feet  long,  a  ring  on  one  end  of  suffi- 
cient size  for  chain  to  pass  through,  and  a  hook  on  the 
other  end. 

4  chains,  |-inch  iron,  8  feet  long,  a  ring  on  one  end  of  suffi- 
cient size  for  chain  to  jjass  through  and  a  hook  on  the 
other  end. 

4  chains,  f-inch  iron,  10  feet  long,  hook  on  one  end  and 
link  on  the  other  end. 

4  chains,  1-inch  iron,  10  feet  long,  hook  on  one  end  and 
link  on  the  other  end. 

3  boats,  as  per  Fig.  2,  page  47. 

1  rowboat,  2k  feet  wide  by  18  feet  long. 
Fourth. — It  is  taken  for  granted  that  the  carpenters  will  have  the 
necessary  hand  tools,  such  as  are  usually  found  in  a  mechanic's  chest. 
Fifth. — Bill  of  timber  which  should  be  kept  always  on  hand: 
50  stringers,  7  x  14  inches,  25  to  30  feet  long. 
30  caps,  12  X  12  inches,  22  feet  long. 
125  poles,  12  to  18  inches  diameter,  25  to  40  feet  long. 
200  braces,  3  x  12  inches,  16  to  30  feet  long. 
200  braces,  2  x  12  inches,  16  to  30  feet  long. 
Sixth. — As  soon  as  a  train  has  passed  over,  have  the  tools  checked 
up  and  put  in  their  proper  places,  rei:)lacing  such  as  have  been  lost  or 
destroyed,  and  have  all  i3ut  in  order  for  another  "  emergency," 
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DISCUSSION. 


W.  G.  Curtis,  M.  Am.  Soc.  C.  E. — Webster  defines  an  emergency 
as  "any  event  or  combination  of  circixmstances  which  calls  for  imme- 
diate action  or  remedy;  jiressing  necessity;  exigency." 

While,  by  reading  and  discussion,  a  person  may  prepare  for  emer- 
gencies of  almost  every  imaginable  kind,  those  which  relate  to  the 
interruption  of  railway  traffic,  through  damage  caused  by  storms,  fire, 
flood,  failure  of  mechanical  structures,  train  collisions,  derailments, 
etc.,  require  remedies  that  can  best  be  learned  through  practical 
experience.  Aside  from  the  skill  growing  out  of  such  experience, 
the  successful  man  must  be  full  of  resource,  able  to  plan  quickly 
and  correctly  and  execute  rajjidly;  being  quick  to  take  advantage  of 
every  favoring  cu'oumstance,  and  unerring  in  his  judgment  in  the  selec- 
tion of  his  foremen,  who  often  times  must  be  picked  out  from  a  large 
force  of  men  hastily  assembled.  Only  the  most  general  principles  can 
be  laid  down  for  the  guidance  of  the  novice.  I  have  sometimes  directed 
and  many  times  Avitnessed  the  removal  of  minor  train  wrecks,  by 
exi^erienced  railroad  men  with  improvised  ajjpliances,  in  a  shorter 
time  than  less  skillful  men  could  accomplish  similar  work  with  a 
"wrecking  car"  and  a  first-class  equij^ment  of  tools. 

In  a  great  emergency  requiring  a  large  force  of  men,  the  commis- 
sariat is  the  first  thing  to  be  provided  for.  Under  skillful  leadership, 
men  can  be  directed  to  accomplish  almost  everything,  provided,  always, 
that  their  food  supply  is  adequate  and  promptly  forthcoming  when  re- 
quired. Whatever  else  is  done,  the  cooks  must  be  on  duty  at  all  times, 
and  those  who  keeji  uj)  the  supply  of  hot  coflee  for  the  night  force  are 
particularly  indispensable. 

The  paramount  consideration  is  to  prepare  the  road  for  resumption 
of  traffic.  No  time  is  allowable  for  refinements  of  any  kind.  A  good 
theoretical,  as  well  as  practical,  knowledge  of  the  strength  of  materials 
is  desii-able  in  building  temporary  structures  supporting  the  track,  and 
an  engineer  ought  to  be,  and  generally  is,  the  best  man  to  take  such 
work  in  charge,  but  it  is  well  to  remember  the  moral  of  the  story  about 
the  man  who  reported  a  bridge  comjjleted  and  ready  for  an  army  to 
cross  a  river,  but  he  "didn't  know  whether  the  engineers  had  the 
'jjicturs'  done  or  not." 

Samtjel  M.  Eowe,  M.  Am.  Soc.  C.  E. — The  practice  of  many  rail- 
road companies  being  to  dispense  with  the  services  of  the  experienced 
and  competent  civil  engineer  largely;  and  where  he  is  retained,  con- 
fining his  jurisdiction  and  authority  to  the  more  general  questions  of 
j)lans,  estimates  and  general  policy,  the  matters  treated  of  in  Mr.  Bol- 
ton's pai^er  seem  to  be  but  remotely  connected  with  the  ijrofession,  or 
those  qixestions  that  may  be  discussed  by  the  Society  with  any  great 
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degree  of  profit.  Tliat  this  is  as  it  sliould  be,  is  not  now  the  question. 
It  was  said  by  a  professional  engineer,  here,  in  our  city,  that  the 
pojjular  conception  of  an  engineer  was,  "a  man  with  blue  overalls 
and  an  oil  can,  with  most  of  the  contents  of  the  can  distributed  over 
his  clothes. "  But  it  seems  as  if  the  members  of  the  profession  could 
hardly  command  even  this  degree  of  imj^ortance. 

Too  often,  even  the  wisest  and  most  practical  suggestions  are  rejected 
because  they  come  from  that  source,  and  the  work  is  left  to  men  who 
have  the  dash  to  accompKsh  it  by  main  strength  and  awkwardness. 

But  the  especial  value  of  the  paper  comes  from  the  fact  mentioned 
in  the  second  paragraph,  i.  e.,  the  writer's  experience,  and  may  be  well 
supplemented  by  the  experience  of  others. 

It  often  comes  into  the  province  of  the  Resident  Engineer  to  take 
such  precautions  as  will  meet  the  "stitch  in  time"  in  a  measure,  by 
making  estimates  of  material  and  tools  needed,  and  also  furnishing- 
such  a  record  of  structures,  as  will  enable  the  operating  department  to 
act  promptly  in  case  of  accident.  I  have  in  mind  a  case  where  the 
Division  Superintendent  was  furnished  with  a  complete  list  and  an 
elaborate  record  of  bridge  structures,  including  concise  description, 
and  showing  length,  number  and  height  of  bents  or  piers,  and  all  the 
data  necessary  to  determine  at  a  glance,  just  what  would  be  required  to 
rebuild,  in  case  of  its  collapse. 

The  list  of  tools  given  is  very  good.  I  would  add  what  every  rail- 
road should  have.  That  is  a  steam  jjile-driver,  with  extension  equal  to 
the  ordinary  panel  length  of  the  pile  bridges.  With  this,  all  pile  bents 
coiild  be  renewed,  trestle  or  false-work  could  be  raised,  and  any  but  the 
heaviest  lifting  could  be  done.  I  have  seen  this  machine  used  with  ex- 
cellent results,  as  a  wrecker,  saving  any  amount  of  manual  labor. 

C.  Paizmek,  M.  Am.  Soc.  C.  E. — It  has  been  the  writer's  fortune  to 
have  enjoyed  (or  otherwise)  an  experience  similar  to  Mr.  Bolton's,  and 
he  can  truly  say  that  the  situations  sometimes  encountered  try  men's 
souls.  On  the  very  day  the  advance  copy  of  his  paper  was  received,  a 
deck  bridge  consisting  of  two  combination  spans  of  141 J  feet  each,  Arith 
trestle  approaches  208  and  80  feet  respectively,  was  found  on  tire. 
The  track  is  43  feet  above  the  water,  which  is  4  to  8  feet  deep,  on  a 
rocky  bottom  extending  about  half  way  across  the  stream.  The  trestle 
approaches  are  32  feet  high.  The  current  of  the  streara  is  5  or  6  miles 
IDer  hour,  and  rapids  occur  just  above  and  below  the  bridge.  It  is  a 
stream  on  which  extensive  logging  operations  are  carried  on,  and  active 
driving  is  now  in  progress.  Thirty-one  trains  each  way,  or  sixty-two 
in  all,  cross  the  bridge  every  twenty-four  hours.  Fortunately,  the  short 
intervals  between  trains  led  to  the  discovery  of  the  fire  before  serious 
damage  was  done,  but  with  twenty  or  thirty  minutes  more  headway  it 
would  have  been  beyond  control.  Had  the  bridge  been  destroyed,  how 
could  a  temi^orary  crossing  have  been  constructed  with  the  least  pos- 
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sible  delay  to  traffic,  and  wliat  would  have  been  tlie  least  time  in  ■nliicli 
it  could  have  been  done  ?  The  plan  illustrated  bv  Mr.  Bolton  -nould 
not  have  worked.  Even  piles,  were  there  sufficient  eai-th  to  hold  them 
(and  there  is  across  half  the  river) ,  would  be  swept  away  by  the  running 
logs  faster  than  they  coiild  be  driven.  The  writer  leaves  the  problem 
unsolved  for  the  i^resent,  though  advised  to  put  on  his  thinking  cap. 

The  circumstance  is  dwelt  on  at  considerable  length  because  it  illus- 
trates that  no  cut  and  dried  plan  can  be  devised  to  meet  emergencies 
of  this  character.  There  are  absolutely  no  jiarallel  cases.  I  have  never 
had  a  case  to  which  Mr.  Bolton's  plan  would  have  applied.  The  engi- 
neev  must  simply  tax  his  ingenuity  for  a  solution  of  each  problem  as 
it  presents  itself.  Perhaps  a  brief  narration  of  a  few  exijeriences  with 
this  class  of  emergencies  may  have  some  interest,  and  an  occasional 
suggestion  might  happen  to  stray  out  of  it  that  would  be  of  service  in 
other  cases. 

A  riveted  lattice  of  117-foot  span  was  partially  wrecked  by  a  load 
of  logs.  The  front  end  of  a  log  was  hanging  so  far  over  the  car 
body  that  one-half  of  its  diameter  struck  the  end  brace  of  the  bridge. 
The  brace  was  bent  out  and  the  log  slipped  by  it,  raking  past  two  or 
three  braces  till  it  finally  became  entangled  with  the  members  and 
stopped  the  train.  Two  main  braces  and  two  counters  were  broken 
out,  and  other  members  more  or  less  damaged.  The  logs  were  let 
through  into  the  river  and  the  train  passed  on.  The  accident  occurred 
in  the  night.  One  other  train  had  passed  over  the  bridge  after  the 
accident,  before  the  writer  arrived.  Had  he  not  known  that  fact,  he 
would  have  pronounced  the  bridge  unsafe;  but  what  had  been  done, 
might  be,  and  trains  were  allowed  to  pass.  Fortunately,  the  water  was 
only  3  feet  deep  and  the  bottom  was  hard,  and  there  was  tiraber  near 
by.  Temporary  posts  were  at  once  set  under  the  damaged  truss  and 
remained  until  the  bridge  was  repaired. 

Another  stream  is  crossed  by  four  spans  of  wooden  Howe  truss  121 
feet  each.  The  forward  truck  of  a  freight  car  in  the  middle  of  a  train 
was  derailed  1  000  feet  from  the  bridge — was  dragged  unnoticed  (it  was 
after  dark  in  the  evening)  over  the  frozen  ground  and  struck  the  end 
brace,  breaking  it  completely  off,  res,ulting  necessarily  in  breaking  the 
chord  at  the  first  panel  point,  which  dropped  down  about  2  feet.  Two 
cars  were  derailed  and  jammed  into  the  bridge,  and  the  train  was  stop- 
ped. The  writer  arrived  on  the  ground  at  daylight  next  morning  with 
men  and  material.  The  wrecked  cars  had  been  removed.  Screw-jacks 
were  set  under  the  broken  chord  and  bj-  ten  o'clock  it  was  in  position, 
though  not  sufficently  supported  to  carry  trains.  In  this  case  there 
was  another  road  parallel  with  ours  and  connecting  tracks  within  a 
short  distance  on  both  sides  of  the  stream.  Arrangements  had  been 
made  for  crossing  their  bridge,  and  it  was  deemed  advisable  to  take 
advantage  of  that  circumstance,  and,  instead  of  building  a  temporary 
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alnitment  under  the  broken  cliord,  to  put  in  temporary  -work  for 
sui^porting  the  bridge  during  rejjairs.  This  was  done  and  traffic 
resumed  the  following  morning. 

Another  case  was  that  of  a  wooden  Howe  truss  deck  span,  130  feet 
long.  The  chord  timber  had  not  been  properlv  selected  and  was  in- 
ferior in  quality,  and  began  to  exhibit  weakness  by  opening  of  the  chord 
joints  within  a  year  after  its  erection.  The  chord  was  composed  of 
four  members  7^  x  14  inches,  and  there  was  one  joint  in  each  panel. 
Finally,  while  making  some  slight  repairs  on  the  ai^proaehes,  the  fore- 
man of  a  bridge  crew  discovered  a  broken  member  in  the  center  panel. 
The  joint  member  in  this  panel  was  outside  and  the  broken  one  was 
next  to  it.  There  remained  but  14  x  1.5  inches  of  timber  in  the  chord, 
the  other  members  of  which  were  shearing  upon  one  another,  and  all 
the  joints  in  the  adjacent  panels  exhibited  the  distortion,  which  had 
also  reached  to  the  opposite  chord.  Fortunately,  again,  standing  timber 
was  adjacent,  and  before  another  train  was  due  the  foreman  had  a  post 
under  the  break,  and  two  more  soon  after.  The  bridge  had  settled  to 
that  side,  and  was  righted  uj?  after  the  posts  had  settled  to  a  solid 
bearing.  It  was  finally  jacked  into  shape,  its  camber  restored  and 
jiermanently  repaired. 

The  next  case  relates  to  track.  A  sand  embankment  25  feet  high 
carries  two  tracks,  and  along  the  foot  of  the  bank  runs  a  track  that 
forms  the  main  artery  between  the  yard  and  the  main  line,  all  being  in 
the  yard.  Trains  or  switch  engines  are  passing  over  the  low  track  every 
few  minutes,  and  over  the  embankment  tracks  only  a  little  less  fre- 
quently. There  was  originally  a  timber  retaining-wall  confining  the 
foot  of  the  slojje  to  make  room  for  the  low  track.  It  became  necessary 
to  raise  the  grade  of  the  embankment,  necessitating  a  higher  retaining- 
wall.  The  work  was  done  during  winter.  The  timber  was  taken 
away  while  the  frost  held  the  bank,  and  a  dry  limestone  wall  built  in 
its  place;  but,  in  consequence  of  change  in  height  or  center,  it  became 
necessary  to  build  the  wall  twice  as  high  as  was  first  contemplated,  and 
it  proved  to  be  too  light.  When  the  frost  went  out  in  the  spring, 
the  wall  began  to  fail.  It  was  a  serious  matter  to  lose  the  use 
of  either  of  the  tracks,  and  the  writer  was  called  uiion  to  hold  the 
wall.  For  a  considerable  part  of  its  length  there  was  not  room  between 
the  wall  and  the  low  track  to  set  braces,  though  that  was  done  where 
it  could  be.  The  plan  adopted  for  the  rest  of  it  is  shown  in  Figure  1. 
To  get  the  long  rods  in.  it  was  necessary  that  they  should  be  driven 
through  from  the  wall  side  of  the  bauk.  Biit  trains  or  engines  were 
passing  there  every  few  minutes,  and  it  would  take  an  hour  or  two  to 
drive  a  rod  through.  Gas  pipe,  Ij  inches  diameter,  was  cut  into  5-foot 
lengths  and  threaded  at  both  ends.  One  piece  was  put  through  the 
wall  and  driven  in ;  another  piece  was  coupled  on  to  it  and  followed, 
and  so  on  till  the  end  of  the  lii'st  piece  appeared  on  the  opposite  side 
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of  the  bank.  A  solid  head  to  receive  the  blows  of  the  ram  was  fitted  to 
the  end  of  the  pipe,  being  screwed  on  and  removed  from  the  lengths 
successively.  When  the  pipe  was  through  the  bank,  the  rod,  being  in 
position  on  pole  trii)ods,  was  screwed  into  a  coupling  on  its  end,  and, 
attaching  a  line  to  the  head  on  its  other  end,  four  or  five  men  pulled 
the  pijje  out  and  the  rod  in.  The  rods  were  spaced  12  feet  ajiart  and 
longitudinal  timbers  were  run  behind  the  stay  posts  along  the  wall  as 
shown.  Each  operation  occupied  but  a  few  minutes,  and  trains  were 
not  interrupted. 


F/e:/ 

These  are  characteristic  cases.  It  is  the  unexpected  that  hai)pens 
and  no  one  can  be  prepared  at  all  points.  The  complete  destruction 
of  a  bridge  contemplated  in  the  plan  of  operations,  illustrated  by  Mr. 
Bolton,  must  be  treated  with  some  patience.  Railroad  companies  are 
usually  supi^lied  with  tools  and  material  for  ordinai-y  cases.  Undoubt- 
edly, it  is  well  to  anticijiate  extraordinary  cases  also;  but  with  a  well- 
equipped  shop  and  a  saw  mill  or  forest  accessible,  one  can  always  find 
a  way.  Companies  are  disposed  to  deal  liberally  in  matters  of  that 
kind  and  to  tolerate  expense,  if  results  are  promptly  secured. 

The  list  of  supplies  given  by  Mr.  Bolton  is  certainly  generoiis. 
The  writer  would  like  to  draw  on  his  stock  of  tools  when  he  gets  his 
list  filled. 

Bolton  W.  De  Coukcy,  M.  Am.  Soc.  C.  E. — An  eminent  officer  in 
the  British  Navy  told  me,  when  I  was  a  youngster,  that  he  attributed 
his  success  in  life  to  a  habit  he  acquired,  when  young,  of  building  an 
emergency  which  is  a  i)eri)lexing  contingency,  as  a  Ghdtemi  d'Expngne, 
and  devising,  as  he  lay  awake  at  night,  what  would  be  the  best  way  to 
meet  it.  I  have  followed  his  recommendation  as  well  as  I  could,  and 
several  times  this  habit  has  saved  my  life. 

One  of  these  times  was  when  I  had  charge  of  a,  road  as  supervisor 
and  bridge  engineer,  and  used  a  three-Avheeled  velocipede  a  great  deal. 
There  were  many  rock  cuts  on  the  road,  and  several  were  so  narrow 
that  we  had  to  remove  after  winter  frosts,  rock,  that,  having  been 
forced  out,  was  in  danger  of  scratching  the  coaches;  several  of  these  cuts 
had  very  sharp  curvature  also.  One  day,  as  I  was  passing  through  one 
of  these  cuts,  I  put  the  question  to  myself,  "what  should  I  do,  should  I 
meet  an  engine?    I  decided  the  only  way  out  would  be  to  jump,  aud 
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at  tlie  same  time  over-set  the  velocipede  to  the  right,  and  I  immediately 
made  trial  to  see  if  I  could  carry  out  my  answer  to  the  question,  and  I 
succeeded  without  huriing  myself. 

Sometime  afterwards,  I  was  going  to  insjject  a  bridge,  and  had  the 
foreman  of  the  bridge  gang  riding  behind  me,  a  man  seventy-five 
years  of  age,  but  active  as  a  cat.  There  was  a  station  2  miles  from  the 
bridge,  at  which  we  inquired  whether  the  local  freight,  due  in  half  an 
hour,  ever  ran  in  ahead  of  time;  it  was  not  a  telegraph  office.  The 
answer  was,  never;  so,  being  in.  haste,  we  started  ahead  and  met  the 
train  making  a  run  so  as  to  make  a  running  switch  at  the  station  in 
order  to  make  time.  I  threw  myself  to  the  right  and  jumped  at  the 
same  time,  catching  the  axle  of  the  small  wheel  and  throwing  my  back 
against  the  rock  wall  of  the  cut  we  were  in  (about  18  feet  deep  and  on 
a  10-degree  curve).  It  was  done  so  quickly,  the  engineer  thought  he 
had  run  over  us  and  so  reported  at  the  station.  Not  even  the  veloci- 
pede was  injured;  we  ran  on  to  the  bridge,  made  the  inspection  and 
retiirned,  catching  the  freight  at  the  station,  and  relieved  the  minds 
of  the  conductor  and  engineer  who  were  almost  frantic. 

\Vlien  I  was  ai^pointed  on  this  road,  it  had  just  passed  through  a 
period  of  economical  administration,  and  had  been  run  without  any 
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roadmaster;  their  number  of  wrecks  averaged  two  a  week,  and  I  was 
kept  extremely  busy  on  track.  On  my  inspection  of  the  biidge  men- 
tioned above,  I  found  a  deck  Howe  truss,  composed  of  two  spans,  one 
150  feet,  the  other  134,  and  two  trussed  striugei-s  rtO-foot  sj^an  each.  It 
was  an  old  bridge,  and  I  was  informed  had  been  framed  at  the  car  shop 
by  the  master  carpenter;  the  height  of  trusses  was  11 J  feet.  There 
was  no  difterence  in  the  length  of  the  run  of  the  panels  of  the  top  and 
bottom  chords,  an  attempt  having  been  made  to  frame  the  camber  in 
the  braces  and  Arithout  avail.  The  shorter  sjjan  was  somewhat  sagged; 
the  longer  had  sagged  so  much  that  they  had  put  in  a  single  trestle  at 
a  place  at  one  side  of  the  center  jianel.  This  had  cracked  the  lower 
chord  at  each  side  and  I  found  nearly  every  angle  block  crushed. 

My  objective  point  just  then  was  the  telegi-aph  ofiice,  and  I  immedi- 
ately wired  that  no  train  shoiild  or  could  pass  over  the  bridge  until 
repaired.  I  received  an  answer  that  all  trains  must  run  and  that  I 
should  be  held  responsible   for  the  lives  of  the  traveling  piiblic.     I 
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started  to  write  my  resignatiou,  when  the  station  agent  reminded  me  of 
its  being  Saturday,  and  after  the  next  train  there  was  none  other  until 
5  P.M.  Sunday.  I  then  altered  my  intention  and  -vv-ired  for  men,  tools 
and  timbers.  The  shape  of  the  gorge  jaassed  was  as  sketched.  At  X 
was  the  temporary  bent  or  trestle,  and  on  examination  I  found  that 
there  was  an  odd  number  of  panels  in  the  span.  I  framed  an  extra  bent, 
putting  it  at  a  place  marked  A.  I  then  jilaced  some  long  corbels  under 
the  chords  at  the  tojj,  so  eliminating  the  i^anel  in  which  the  chords  were 
cracked.  I  then  removed  the  rods,  a  panel  at  a  time;  took  out  the  braces 
and  placed  new  angle  blocks,  and  reversed  the  braces  and  counters  for 
half  the  distance  on  each  side  of  the  temporary  pier  I  had  made  of 
the  two  trestles,  thus  making  two  spans;  and  I  had  the  work  all  finished 
ten  minutes  before  the  passenger  train  was  due.  While  on  this  road 
there  were  two  spans  of  121  feet  each  or  thereabouts,  of  through  housed- 
in  Howe  trusses  burned.  The  depth  of  water  was  7  to  9  feet;  we  put  in 
the  temporary  bridge  in  less  than  a  day.  We  framed  and  put  together 
our  trestles,  on  the  ends  of  the  spans,  and  lowered  them  to  jjlace  all 
together,  sliding  them  down  two  slanting  timbers  which  reached  the 
proper  position  at  the  bottom  and  then  plumbed  them  with  hawsers. 
We  found  this  more  expeditious  than  building  them  in  place. 

I  have  often  thought  that  a  trestle  with  shoe  and  movable  cap, 
such  as  is  used  in  the  Austrian  military  bridge,  would  be  of  great  ser- 
vice in  emergencies  arising  on  railroads,  as  it  is  a  great  help  to  get  a 
temporary  bridge  across  with  as  much  exi^edition  as  possible.  Mr. 
Bolton's  list  of  tools  and  materials  is  good,  and  all  things  that  can  be 
foreseen  to  be  needed  in  emergencies  should  be  held  in  depot  at  con- 
venient places  for  such  use. 

ChanningM.  Bolton,  M.  Am.  Soc.  C.  E. — Mr.  W.  G.  Curtis  has  made 
a  good  point — "  the  cook  "  is  certainly  a  very  imj^ortant  adjunct  and  is 
one  of  the  laoints  that  I  have  always  carefully  looked  after  in  an  "  emer- 
gency." It  does  not  seem  to  me  that  my  siiggestious  on  "  emergencies  " 
are  so  pictorial,  that  it  would  take  longer  to  build  the  bridge  than 
draw  the  "pictures";  it  is  only  a  memorandum  of  work  that  I  have 
actually  done  with  great  rapidity  and  success.  The  speed  with  which 
I  have  accomplished  such  work  is  one  bent  of  trestle  in  two  hours 
with  each  force,  or  working  at  each  end  one  bent  per  hour,  or  com- 
pleting a  span  of  150  feet  in  twelve  hoiirs,  and  allowing  trains  to  pass 
at  the  end  of  that  time. 

The  addition  of  a  pile-driver,  as  suggested  by  Mr.  Rowe,  is  good, 
but  I  have  never  had  a  case  where  I  could  take  the  time  to  use  it  in  an 
"  emergency."  I  have  always  been  able  to  get  the  timbers  to  stand 
without  it,  and  afterwards  used  pile-drivers  for  more  permanent  work. 

In  the  case  cited  by  Mr.  Palmer  of  a  current  of  5  or  6  miles  per 
hour,  4  to  8  feet  of  water,  with  rock  bottont,  and  track  43  feet  above 
the  Avater,  etc.,  I  see  no  ditiicidty  in  the  way  of  using  the  plan  sug- 
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gestecl  by  me,  as  I  have  had  a  very  similar  case  where  the  water  was 
about  as  swift  and  6  to  10  feet  deep,  with  the  track  60  feet  above  the 
water,  and  a  considerable  amount  of  drift,  probably,  however,  not  as 
much  as  in  the  case  cited  by  Mr.  Palmer.  In  this  case  there  were  four 
spans,  only  two  of  Avhich  were  knocked  doAvn.  I  kept  men  diverting 
the  drift  until  the  trestle  was  finished,  and  then  built  a  floating  boom 
extending  from  the  shore  around  the  newly  erected  trestles,  which 
stood  perfectly  for  four  to  five  months  until  a  new  s^jan  of  iron  bridge 
could  be  constructed  and  erected;  in  the  meantime  the  water  rose  to 
a  depth  of  about  25  feet.  I  would  like  to  know  the  plan  of  the  original 
false  work  for  raising  the  bridge  mentioned  by  Mr.  Palmer.  I  think 
that  if  he  will  look  into  it,  he  will  find  it  was  very  similar  to  the  one 
proposed  by  me.  I  am  afraid  from  the  last  remarks  of  Mr.  Palmer  that 
he  is  disposed  to  approve  of  the  policy  of  companies,  such  as  Mr.  Kowe 
mentions,  of  employing  as  engineer  ' '  a  man  with  blue  overalls  and  an 
oil  can,"  etc.,  and  not  one  who  looks  ahead  and  works  with  system, 
even  though  it  be  in  an  emergency. 

The  list  of  tools  is  not  what  we  all  have,  but  I  think,  in  fact  know, 
is  one  which  all  large  systems  should  have;  smaller  roads  "cutting 
the  garment  to  suit  the  cloth."  Frequently,  for  the  lack  of  proper  tools 
and  materials,  the  delay  to  trains  for  a  single  wreck  will  cost  more  than 
the  whole  list  of  tools,  etc.,  mentioned  by  me.  I  am  aware  that  no 
fixed  rules  can  be  made  for  all  emergencies,  or  there  would  be  no  use 
for  engineers,  and  this  fact  might  be  stated  of  the  profession  gen- 
erally. The  engineer  should  be  a  man  able  to  plan  and  execute  large 
work,  but  in  "emergencies"  should  also  be  able  to  think  and  act 
quickly,  making  the  most  of  his  surroundings,  economizing  judiciously, 
both  time  and  money. 
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BLACK  EAGLE  FALLS   DAM,   GREAT   FALLS, 
MONTANA. 


By  Maukice  S.  Pakker,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


The  falls  of  the  Missoiiri  River  were  first  made  known  to  tlie  geo-  V 
graphical  world  in  the  year  1805,  by  the  explorers  Lewis  and  Clarke  on 
their  expedition  of  exiiloration  to  the  headwaters  of  the  Missouri.  The 
map  of  the  river  at  the  falls,  Avhich  accompanies  their  report  (see  page 
57)  is  remarkably  accurate  and  is  a  monument  to  the  faithful  work  of 
these  early  explorers.  They  did  not  indicate  the  actual  fall  of  the  river 
on  their  map,  giving  only  the  height  of  rajjids  and  falls.  The  total  fall  of 
the  river  for  a  distance  of  10  miles  from  the  first  rapid  to  the  foot  of  the 
fall  known  as  the  "  Great  Falls"  (which  has^a  sheer  drop  of  75.5  feet) 
is  .412. 5  feet. 
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THE  FAJLLS    and  PORTAGE 


THIS  18  AN   EXACT   FAO-SIMILE   OF  THE   MAP   MADE   BY   LEWIS  &  CLARK,  WHO 

EXPLORED  THE  UPPER  MISSOURI  RIVER  UNDER  INSTRUCTIONS  FROM 

PRESIDENT  THOMAS  JEFFERSON  IN  1804  AND  1805. 
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Nearly  all  of  this  412  feet  is  available  for  water-power.  The  mini- 
mum flow  of  the  river  is  very  nearly  4  000  cubic  feet  per  second.  By  gaug- 
ing the  river  at  the  site  of  dam  at  a  very  low  stage  of  water  in  the  latter 
part  of  September,  1890,  the  writer  found  a  flow  of  3  860  second-feet, 
and  on  September  15th,  1891,  Mr.  E.  L.  Nettleton,  of  the  Agricultural 
Commission,  found  by  gauging  at  the  dam  a  flow  of  3  885  second-feet. 
In  January,  1891,  the  lowest  stage  of  water  of  which  there  is  any 
record  was  reached,  the  average  flow  for  two  days  being  2 120  second- 
feet.  The  writer  has  since  discovered  that  this  low  stage  of  water  was 
caused  by  dams  formed  in  the  river  by  anchor  ice  on  shallow  bars  and 
holding  back  the  water.  In  the  early  i^art  of  December,  1891,  the 
writer  came  down  the  Missouri  in  a  boat  from  a  point  about  150  miles 
above  Great  Falls.  The  weather  was  cold,  freezing  at  night,  and 
several  of  these  ice  dams  or  gorges  were  encotintered,  which  in  places 
backed  the  water  to  the  height  of  several  feet.  Retardation  of  flow 
from  this  cause  was  very  noticeable  during  the  construction  of  the  dam 
at  Black  Eagle  Falls.  In  early  winter  the  water  would  fall  during  the 
night  and  begin  rising  in  the  morning,  continuing  until  about  12 
o'clock,  when  it  would  reach  its  full  height  and  begin  receding. 
These  dams  form  regularly  at  night  during  moderately  freezing 
weather  only,  and  give  way  under  the  influence  of  the  sun  of  the 
succeeding  day.  As  soon  as  solid  ice  forms  on  the  river  these  con- 
ditions disappear  and  the  flow  is  comparatively  steady. 

When,  in  1887,  the  Great  Northern  Railway  was  built  through  the 
town  of  Great  Falls,  the  vahie  of  this  water-power  became  apparent  to 
its  i)rojectors,  and  steps  were  at  once  taken  to  utilize  a  part  of  it  for  com- 
mercial purposes  by  constructing  a  dam  at  the  first  fall,  known  as  Black 
Eagle;  the  result  is  that  what  only  a  few  years  ago  was  mid  prairie,  is 
now  the  site  of  a  thriving  city  of  nearly  10  000  inhabitants,  which  bids 
fair  to  rival  the  well-known  cities  that  have  grown  great  through  the 
influence  of  Avater-power. 

J.  T.  Fanning,  M.  Am.  Soc.  C.  E.,  the  well-known  hydraulic  engi- 
neer, made  an  examination  of  the  ground  at  Black  Eagle  Falls  in  the 
summer  of  1887,  and  prepared  plans  for  a  dam  to  be  constructed  just 
above  the  falls,  whereby  40  feet  of  head  was  to  be  obtained  for  power. 
Nothing,  however,  was  done  toward  construction  iintil  the  spring  of 
1890.  Bids,  for  labor  of  construction  only,  were  opened  February  5th, 
1890,  the  contract  requiring  the  completion  of  the  work  on  or  before 
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December  1st  of  the  same  year.     The  estimate  upon  wliicli  bids  were 
solicited  was  as  follows: 


Quantities 


Eange  of  Bids 


yards.       81  18  to  84  20 

49  to  1  00 

5  85  to  20  00 

1  85  to  6  50 

1  45  to  6  00 

1  10  to  5  00 

25  to  90 


Excavation,  solid  rock 9  000  cubic 

Excavation,  loose  rock 2  000 

Masonry  in  gate  chambers 3  194 

Masonry  in  crib  of  dam 3  600 

Stone  filling  in  crib,  dry •  5  300 

Eip-rajj 150 

Back  filling  earth 500 

Placing  timber  in  dam 1  800  M.  feet  B.  M.        6  00  to  13  50 

Framing  gates 86    "        "                  14  00  to  40  00 

Placing  gate  gearing 40  tons.                       14  00  to  30  00 

The  highest  bid  is  omitted  from  the  above  table,  it  being  out  of 
reason.  The  range  of  the  bids  received  for  labor  alone  was  from 
^63  000  to  8305  000.  All  material  was  to  be  furnished  by  the  Water 
Power  Company  at  the  site  of  the  dam;  the  stone,  however,  was  to  be 
quarried  by  the  contractor  and  handled  by  him,  the  Water-Power  Com- 
pany to  pay  freight  in  case  the  stone  could  not  be  obtained  near  the 
site  of  the  dam.  The  lowest  bidder  failing  to  furnish  the  required  bond 
for  the  completion  of  the  work,  and  the  next  lowest  bid  being  about 
875  000  above  the  lowest,  it  was  decided  to  reject  all  bids.  Mr.  J.  T. 
Fanning,  Consulting  Engineer,  engaged  the  writer  to  take  charge,  for 
the  Water-Power  Company,  of  the  construction  of  the  dam  and  to  do 
the  work  by  day  labor.  Nearly  all  of  the  bidders  were  either  engineers 
or  employed  engineers  in  making  up  their  bids,  and  as  nothing  new 
was  claimed  for  the  design  of  the  dam,  and  such  a  wide  difference  in 
the  bids  of  the  contractors  existed,  the  writer  infers  that  the  cost  of 
construction  of  dams  in  swift  running  water  is  largely  a  matter  of  con- 
jecture to  many  engineers. 

The  foundation  upon  which  the  dam  is  constructed  is  a  close  gi-ained, 
hard,  red  sand  rock,  strongly  impregnated  'with  iron.  This  lies  in  ver- 
tical strata  varying  from  1  to  4  feet  in  thickness,  the  seams  running 
at  an  angle  of  about  45  degrees  to  the  direction  of  the  current  of 
the  stream.  Below  this  layer  of  sand  rock,  which  is  about  10  feet 
thick,  is  a  thin  layer  of  clay  about  6  inches  in  thickness,  then  a  second 
layer  of  sand  rock  not  as  hard  as  the  surface  layer.  The  general  con- 
sti'uction  of  the  dam  is  shown  by  the  accompanying  diagram  showing 


"60  PAKKER  ON  BLACK  EAGLE  FALLS  DAM. 

a  cross-section  of  the  same  (page  61).  The  longitiadinal  timbers  are 
placed  8  feet  from  center  to  center,  forming  cribs  which  are  filled  with 
stone,  as  shown  by  diagram.  The  bottom  timbers  of  the  crib  are 
scribed  to  tit  the  ledge  (which  was  first  made  as  level  as  convenient  to 
receive  them),  and  were  bedded  in  cement  mortar  and  drift  bolted  to 
the  ledge  as  indicated  on  cross-section  (page  60),  the  holes  to  receive 
the  drift  bolts  being  plugged  with  wood  into  which  they  were  driven. 
The  plan  of  the  dam  herewith  (Plate  XIV)  shows  its  location  with  refer- 
ence to  the  crest  of  the  fall.  The  average  depth  of  water  at  the  site  of 
the  dam  at  the  time  of  beginning  construction,  was  about  2  feet.  Work 
was  begun  on  May  1st,  the  first  coffer-dam  having  been  completed  in 
April.  The  flow  of  water  was  over  raijids  with  a  fall  of  about  2  feet 
per  hundred,  and  the  current  due  to  this  slope  was  the  main  obstacle 
to  be  overcome  in  the  work. 

On  the  north  side  of  the  liver  a  simple  horse  dam  was  thrown  out  to 
sheer  the  water  from  that  j^art  of  the  river-bed  upon  which  work  was  to 
begin.  The  horses  were  first  placed  in  position  aboiit  8  feet  apart  with 
stringers  of  4-inch  plank;  and  beginning  at  the  outer  edge  of  this  line 
of  horses,  little  difficulty  was  experienced  in  placing  the  facing  of  2-inch 
tongued  and  grooved  plank  in  position,  a  light  footbridge  in  the  rear  of 
the  horses  being  used  to  carry  on  the  work.  A  row  of  bags  filled  with 
sand  laid  on  the  toe  of  the  sheer  dam  stopjjed  leakage  very  effectively, 
and  remained  in  position  in  the  very  swift  ciirrent.  A  row  of  sand- 
bags laid  behind  the  sheer  dam  and  parallel  to  it,  conducted  the 
leakage  away  so  that  the  ledge  behind  was  perfectly  dry.  The  sheer 
dam  thus  constructed  withstood  the  high  water  in  June,  during  which 
month  the  Upper  IMissouri  reaches  its  highest  stage,  the  Avater  rising  to 
the  toj)  of  the  planking,  and  having  a  depth  of  about  6  feet  on  the  face 
of  the  dam.  Work  from  behind  this  sheer  dam  was  never  delayed,  the 
masonry  work  proceeded,  and  a  section  of  the  crib  work,  150  feet 
long,  was  constructed  during  the  period  of  high  water.  On  the  south 
side  of  the  river  a  similar  course  was  adoj^ted,  to  put  in  the  gate  cham- 
ber masonry,  and  also  a  section  of  the  dam  100  feet  long.  The  water  on 
the  south  side  was,  however,  deeper  than  on  the  north,  and  the  grade  of 
the  bottom  greater,  making  it  necessary  to  sink  small  cribs  filled  with 
stone  to  supjjort  the  wooden  horses  for  the  sheer  dam.  These  cribs 
were  triangular  in  shape,  built  of  4-inch  plank  with  upright  posts,  6 
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inches  square,  securely  spiked  together,  were  placed  8  feet  ajaart, 
and  worked  into  position  and  tilled  with  stone,  each  crib  holding  about 
1  cubic  yard  of  stone.  By  the  use  of  a  footbridge  laid  on  these  cribs, 
the  horses  for  the  sheer  dam  were  carried  to  position,  each  crib  sup- 
jjorting  one  horse.  No  difficulty  was  experienced  in  comjaleting  tliis 
sheer  dam,  and  it  was  kej)t  in  place  during  the  entire  time  of  construc- 
tion, with  the  addition  of  an  extra  length  of  matched  plank  with  extra 
stringers  and  back  supports;  it  at  times  carried  a  depth  of  15  feet 
of  water  on  the  face,  the  leakage  being  easily  controlled  with  hand 
pumps  (Loud's  Non-Chokable  Frictionless  Pump).  Both  ends  of  the 
dam  having  been  secured,  work  was  begun  from  the  north  side  only,  to 
close  the  gap.  Between  the  two  ends  a  footbridge,  circular  in  form, 
curving  wp  stream,  was  built.  Horse  bents  were  placed  8  feet  apart, 
with  a  footwalk  of  4-inch  plank  laid  on  top  of  them,  and  upon  the 
caps  of  these  bents,  which  extended  beyond  the  walk,  heavy  timber 
was  placed  to  get  the  necessary  weight  to  hold  them  in  position.  From 
this  bridge  wooden  horses,  similar  to  those  used  in  the  sheer  dams, 
were  i3laced — one  in  front  of  each  bent  of  the  footbridge — and  behind 
each  bent  stones  were  piled,  to  prevent  the  structure  from  sliding. 
These  horses  were  connected  by  4-inch  plank  stringers,  and  4-inch 
plank  was  also  used  for  the  face  of  the  dam,  which  was  intended  only 
to  break  the  force  of  the  current ;  this  it  did  admirably.  The  leakage 
through  this  dam  was  controlled  by  small  sheer  dams  built  of  matched 
plank,  and,  by  the  use  of  bags  of  sand,  the  particular  section  under  con- 
struction was  kejjt  dry.  The  sections  of  the  crib  were  8  feet  ajjart  longi- 
tudinally ;  at  intervals  of  about  six  sections  the  masonry  in  front  and  rear, 
together  with  the  stone  tilling  in  the  core,  were  left  out  of  two  sections, 
leaving  an  oi^ening  14  feet  wide,  the  entire  bottom  of  which  was  covered 
with  rubble  masonry  laid  in  hydraulic  cement  up  to  the  top  of  the  bed 
timbers,  the  side  walls  between  the  timbers  being  also  laid  up  solid  in 
the  same  material.  The  jslank  for  the  face  of  these  openings  was  fitted 
to  the  ledge,  numbered  and  piled  on  top  of  the  dam,  to  be  used  when 
ready  to  close  the  openings.  As  the  sections  were  completed,  the  coffer- 
dams were  removed  to  allow  free  passage  of  water  through  the  oi^en- 
ings  left ;  and,  before  the  final  closing  of  the  gap  in  the  dam,  the  gates 
and  chambers  at  the  north  end  were  finished  and  the  eight  gates 
opened,  after  which  all  gaps  and  ojjenings  -  were  closed  successively. 
The  plank  for  the  face  of  these  oi^enings  having  been  previously  fitted, 
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when  driven  to  place,  made  these  compartments  free  from  water,  and 
masonry  and  stone  filling  was  placed  as  in  the  other  sections,  the  entii'e 
flow  of  the  river  being  carried  through  eight  gates,  each  7  x  10  feet, 
and  turned  out  through  an  opening  left  in  the  canal  wall  for  this  jjur- 
pose  by  a  high  sheer  dam  constructed  across  the  canal.  This  sheer 
dam  was  built  in  the  same  manner  as  those  before  mentioned,  ex- 
cepting that  the  toes  of  the  horses  were  bolted  to  the  ledge  to  prevent 
sliding. 

The  accompanying  jjlans  and  views  (Plates  XV-XXI)  will  best  illus- 
trate the  work  as  it  i^rogressed.  The  stone  in  the  bed  of  the  river  at  the 
dam  site  is  hard  but  very  brittle,  and  of  little  use  for  dimension  stone; 
but,  strange  to  say,  there  was  a  body  of  excellent  stone  near  the  middle 
of  the  river  at  the  crest  of  the  falls,  which  j^roved  to  be  equally  as  hard 
as  that  found  a  few  hiindred  feet  up  the  river.  It  could  be  quarried 
in  blocks  of  large  dimensions,  though  there  was  considerable  waste  in 
the  jjrocess.  From  this  point  all  the  stone  used  in  construction  was 
taken.  This  stone  is  very  heavy,  running  from  160  to  170  pounds  i^er 
cubic  foot,  some  sjiecimens  running  as  high  as  178  pounds  jjer  cubic 
foot.  The  average  haul  of  all  stone  was  about  500  feet,  push  cars 
being  used  for  transportation.  Sand  and  cement  were  delivered  on 
both  sides  of  the  river  at  the  gate  chambers.  On  the  north  side  a 
railway  track  ran  directly  along  the  work  ;  on  the  south  side  a  spur 
track  delivered  the  material  on  the  high  bluff  immediately  above  the 
end  of  the  dam,  from  which  it  was  allowed  to  slide  in  shutes  to  the 
work  below. 

The  masonry  in  the  dam  is  laid  mostly  in  American  hydraulic 
cement,  Milwaukee  and  Buffalo  cement  being  used,  mixed  in  the  pro- 
portion of  one  part  cement  and  two  parts  clean  sharp  sand.  Buffalo 
cement  from  tests  of  briquettes  from  twenty-four  hours  to  three  months 
old,  shows  an  average  of  about  25  j^er  cent,  greater  tensile  strength 
than  the  Milwaukee  cement.  During  the  latter  part  of  construction 
while  the  weather  was  cold,  English  Portland  cement  was  used  (Hilton 
brand),  and  masonry  laid  in  freezing  weather  with  this  cement  is  now 
as  firm  as  the  rock. 

The  lumber  was  all  delivered  on  the  north  side  of  the  river  near  the 
gate  chambers.  The  folloTsing  table  gives  the  amount  of  material  used 
and  the  cost  of  the  labor  in  construction,  and  includes  the  handling  of 
all  material  after  unloading  from  the  cars. 
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First-class  rubble  masonry,  one-fifth  the  total 

cubic  yards  broken  range  faced,  4  640  ciibic 

yards,  at $6  56  =      $30  438  40 

Cut  stone  masonry  range  work,  rock  faced,  close 

beds  and  joints,  1  500  cubic  yards,  at 16  40  =        24  600  00 

Stone  filling  in  cribs  not  laid  in  cement,   5  000 

cubic  yards,  at 2  10  =         10  500  00 

Excavation  (no  classification),  solid  rock,  loose 

rock  and  earth  in  about  equal  parts,  10  000 

cubic  yards,  at 1  07  =        10700  00 

Lumber  used  in  dam,  1  200  M.  ft.  B.  M 10  85  ==        13  020  00 

Lumber  used  in  gates  and  chambers,  100  M.  ft. 

B.  M 33  72  =  3  372  00 

Engineering  expenses,  twelve  months 5  900  00 

Total  labor  expenses  of  construction $98  530  40 


Owing  to  some  changes  made  in  the  plans  of  the  dam  and  subse- 
quent location  of  the  power-houses,  the  original  estimate  is  somewhat  at 
variance  with  the  actual  quantities  in  the  work.  The  work  of  con- 
struction Avas  begun  April  15th,  1890,  water  turned  over  the  crest  of 
dam  on  January  6th,  1891,  and  construction  completed  on  March  15th, 
1891. 

The  schedule  of  Avages  jiaid  is  as  follows : 

Per  diem. 
Common  labor $2  00 

Stone  masons 4  00 

Carpenters .    3  50 

Quarry  men 2  25 

Stone  cutters 4  50 

Quarry  foremen 3  50 

Masonry      "       5  00 

Stone  cutter  foremen '. . . .  5  00 

Carpenter            "         4  00 

On  September  1st  the  wages  of  common  labor  and  quarry  men  ad- 
vanced tAventy-five  cents  per  day. 

The  price  per  thousand  feet  B.  M.  for  gates  and  gate  chambers  in- 
cludes jilacing  of  all  irons  and  gearing"  the  price  per  thousand  for 
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lumber  in  the  dam  includes  the  placing  of  ii'on  crest -plate.  The  expense 
of  false  work  of  all  kinds,  such  as  sheer  and  coffer  dams,  tramways, 
bridges,  etc. ,  is  divided  proportionally  between  the  classes  of  work  as 
given  in  the  table  of  cost  of  labor.  The  tenders  called  for  were  for 
prices  on  the  finished  work,  and  prices  given  were  to  cover  all  false 
work  of  whatever  description  necessary  to  complete  the  work. 

The  total  cost  of  the  dam  from  its  inception  to  November  30th, 
1891,  including  engineer's  salaiy  to  that  date,  is  3175  000. 

The  average  height  of  the  dam  above  the  ledge  is  14  feet,  and  the 
crest  of  the  dam  is  40  feet  above  the  surface  of  water  below  the  falls  in 
the  tail  race. 

Assuming  the  average  minimum  flow  of  the  river  to  be  3  360  cubic 
feet  per  second  (see  average  flow  for  October,  November  and  December, 
1891),  the  gross  horse-power  under  40  feet  head  is  16  583,  and  assuming 
also  that  80  -pev  cent,  of  this  power  can  be  utilized  on  the  wheel  shafts, 
we  have  12  287  horse-power  net,  costing  $13.19  per  horse-power. 

The  average  flow  of  water  over  the  crest  of  dam  for  nine  months  in 
the  year  1891  by  actual  gaugings  in  periods  of  three  months  was  ; 

AprU 1 

May I    12  100  cubic  feet  jjer  second. 

June J 

July 1 

August -    7  036 

September J 

October 1 

November I    3  360  "  " 

December J 

During  the  first  three  months  of  the  year  the  average  flow  was  ai3- 
proximately  the  same  as  during  the  last  three  months;  no  gauge,  how- 
ever, was  kept  during  that  period.  The  daily  average  for  the  last 
three  months  of  1891  would  exceed  4  000  cubic  feet  per  second  if  the 
days  on  which  anchor  ice  formed  could  be  eliminated  from  the  record. 

The  present  develoj^ment  of  this  power  consists  of  two  power  stations, 
one  of  which  on  the  south  side  of  the  river  is  used  as  an  electrical  station 
for  ijower  for  street  railway  and  electric-light  plant.  In  this  station  are 
six  Victor  turbine  wheels  developing  1  031  horse-power,  four  wheels  of 
20  inches   and  two   wheels   of  22  J   inches  diameter,   with  space  and 
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connection  for  two  more  wheels;  wheels  running  at  present  in  pairs 
from  one  i^enstock  9  feet  in  diameter;  three  other  penstocks  of  the  same 
size  will  be  used  later  for  power  for  other  jaurj^oses.  On  the  north 
side  of  the  river  a  power  station  developing  2  600  horse-power  is  located, 
seven  Victor  turbine  wheels  being  in  use,  with  two  44-inch,  two  22j- 
inch,  two  20-inch  and  one  40-inch  wheel.  This  plant  is  for  the  use  of  a 
large  smelting  works  (Boston  Montana  Consolidated  Silver  and  Copper 
Smelting  Company).  In  this  station  there  are  space  and  connections  for 
one  more  penstock,  similar  to  the  two  now  connected.  These  jilants 
were  designed  and  constructed  under  the  direction  of  H.  A.  Herrick, 
M.  Am.  Soc.  C.  E.,  and  are  very  complete. 

The  cost  of  power  on  a  wheel  shaft  for  the  first-mentioned  power 
station  is  $36  per  horse-power.  This  added  to  the  cost  of  the  dam 
per  horse-power,  ^13.19,  makes  the  total  cost  $49.19  per  horse-power 
on  wheel  shaft.  Not  having  a  full  estimate  for  the  north  side  station, 
which  is  not  quite  completed,  the  writer  is  unable  to  state  the  cost,  but 
thinks  it  will  be  approximately  the  same. 

Crib  dams  generally  leak  badly.  Mr.  W.  W.  Follett,  Assistant 
Engineer  of  the  Department  of  Agriculture,  recently  read  a  paper 
before  the  Denver  Society  of  Civil  Engineers,  in  which  he  mentions  the 
Black  Eagle  Falls  Dam  and  states  that  it  is  likely  that  much  of 
the  river's  flow  is  lost  by  leakage  under  the  structure  through  crevices 
in  the  rock,  the  larger  part  of  the  probable  loss  being  through  deep 
vertical  seams  in  the  sandstone  of  the  river  bed. 

This  has  not  been  found  to  be  the  case.  When  the  gates  were  first 
closed  in  the  few  moments  that  intervened  before  the  water  ran  over 
the  crest  of  the  dam,  the  writer  observed  the  foot  of  the  dam  closely  and 
found  very  slight  leakage.  The  river  bed  below  the  dam  became  prac- 
tically dry,  so  that  people  walked  about  on  the  ledge  without  wetting 
their  shoes.  There  is  practically  no  difference  in  the  river  flow  over  the 
crest  of  the  dam,  and  at  a  point  2  miles  above  the  dam.  The  theory  that 
the  artesian  wells  of  Dakota  derive  their  heads  from  the  ui^per  Mis- 
souri River  through  crevices  in  the  sand  rock  ledge  ixnderlying  the 
river  bed,  is  not  borne  out  by  the  facts  as  far  as  the  author  was  able  to 
observe. 


DISCUSSION   ON   BLACK   EAGLE   FALLS   DAM. 


67 


DISCUSSION. 


Cybus  C.  Babb,  Jun.  Am.  Soc.  C.  E. — Eecords  of  the  daily  gauge 
heights  of  the  Missouri  River  at  Craig,  about  50  miles  above  Great 
Falls,  Mont.,  have  been  maintained  by  the  United  States  Geological 
Survey  for  a  period  of  two  years.  These,  combined  with  the  measure- 
ments of  the  discharge  of  the  river  at  the  same  place,  give  the  daily 
discharge  for  this  period.  The  drainage  area  of  the  river  at  the  gaug- 
ing station  is  17  615  square  miles,  while  at  Great  Falls,  below  the 
mouth  of  the  Sun  River,  it  is  23  540  square  miles. 

MissouBi  RrvEK,  Ckaig,  Mont. 
Drainage  Area,  17  615  Square  Miles. 


DiscHAEGE  IN  Second-Feet. 

Total  for 
Month  in 
Acre-Feet. 

EUN-OFF. 

Month. 

Maximum. 

Minimum.        Mean. 

i 

Depth 

in 
Inches. 

Sec.-ft. 

per 
sq.mile. 

January,  1890  

"eioo 

12  500 

11900 

7  800 

2  505 

2  396 

2  723 

3  159 
3  159 

3  823 

'9  130 
12  050 
16  355 
12  960 
5  890 
3  704 

3  704 

4  358 

*3  000 

*3  000 

*3  000 

3  595                4  662 

6  900              10  472 
8  100       1       10  074 
2  614       I         6  020 
1  960       1         2  216 
1  960       i         2  232 

1  742                 2  379 

2  723                 2  868 
1  742                2  763 

1  742                2  967 

*3  500 

*4  000 

4  576                5  794 

7  150       1         9  015 
11000                13  645 

184  500 
166  500 
184  500 
277  389 
644  030 
599  401 
308  730 
136  284 
132  804 
146  308 
170  646 
169  924 

182  470 
215  250 
246  000 
344  743 
554  422 
811  877 
560  572 
271  522 

183  141 
215  926 

0.20 
0.18 
0.20 
0.30 
0.68 
0.64 
0.33 
0.14 
0.14 
0.16 
0.18 
0.18 

0.19 
0.24 
0.26 
0.37 
0.59 
0.85 
0.60 
0.29 
0.19 
0  23 

0.17 

February,    ' 

. 

0.17 

0.17 

April,           ' 
May, 
June,            ' 

0.26 

0.59 

0.57 

July, 
August, 
September, ' 
October,       ' 

0  28 

0  13 

0.13 

0.13 

0.16 

0.16 

January,  18 

February, 

March, 

April, 

May, 

June, 

July, 

August,       ' 

September, 

October, 

Kovember, 

December, 

31 

0.17 

0.20 

0.23 

0.32 

0,51 

0.77 

5  890 
2  832 

2  614 

3  159 
3  486 

9  115 
4-415 
3  078 
3  511 
3  802 
*3  200 

0.52 

0.25 

0.17 

0.20 

226  219           0.25 
196  800          0.21 

0.22 

0.18 

The  only  tributaries  of  importance  entering  between  these  two 
places  are  the  Dearborn,  Smith  and  Sun  Rivers.  The  average  summer 
flow  of  the  Dearborn  is  50  second-feet.  Very  little  water  finds  its  way 
into  the  Missouri  from  Smith  River  except  in  times  of  flood.  The 
discharge  of  the  Sun  River  above  Augusta  for  1890  was  715  second-feet, 
with  an  average  summer  flow  of  200  second-feet.  Most  of  the  water  of 
this  river  is,  however,  ajopropriated  before  it  reaches  the  Missouri. 
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The  following  table  gives  the  monthly  flows  of  the  Missouri  Eiver  at 
Craig,  Mont.,  from  April  17th,  1890,  to  December  31st,  1891.  The  first 
cohimn  gives  the  month;  the  second,  third  and  fourth  give  resi)ectively 
the  maximum,  minimum  and  mean  discharge  in  cubic  feet  per  second, 
or  second-feet  as  it  is  commonly  called;  the  fifth,  the  total  flow  of  the 
month  in  acre-feet,  an  acre-foot  being  the  amount  of  water  covering 
one  acre  one  foot  in  depth,  or  43  560  cubic  feet.  The  last  two  columns 
express  the  run-off  in  two  ways :  the  sixth  gives  the  depth  that  a  plain 
of  the  size  of  the  drainage  basin  at  this  j)lace  would  be  covered  if  the 
total  flow  for  the  month  were  spread  over  it;  the  seventh  and  last  col- 
umn gives  the  second-feet  per  square  mile  of  area  drained. 


MISSOURI  RIVER  AT  CRAIG.  MONTANA. 

The  mean  annual  discharge  for  1890  was  4  307  second-feet,  giving  a 
dejjth  of  annual  rim-off  of  3.3  inches;  for  1891  the  corresijonding  fig- 
ures are  5  503  second-feet  and  4.4  inches.  The  average  flows  for  the 
last  five  months  of  each  year,  or  ijractically  the  low-water  discharges, 
are  2  500  and  3  600  second-feet  respectively. 

In  the  appended  graphical  representation  of  the  daily  discharge,  the 
characteristics  of  this  river  are  shown,  with  its  low-water  discharge  for 
the  first  three  months  of  the  year,  its  sudden  rise  in  the  latter  imrt  of 
April,  with  a  continuance  of  the  higher  level  for  about  a  month,  and 
then  a  gradual  decline  through  the  months  of  July  and  August,  with 
a  low-water  discharge  for  the  rest  of  the  year.  The  line  for  1889  in  the 
diagram  is  the  discharge  of  the  river  for  that  year  at  Canyon  Ferry. 
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A  NEW  FORMULA  FOR  THE  STRENGTH  OF 
COLUMNS. 


Bv  A.  J.  DrBois,  Jun.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


Tlie  writer  wishes  to  present  a  new  formula  for  the  strength  of 
columns,  which,  in  so  far  as  he  has  been  able  to  test  it,  seems  to  be  more 
accurate  and  to  possess  wider  scope  than  any  of  those  in  common 
use.  The  derivation  of  the  formiila  will  be  given  briefly  and  then  the 
applications  of  it  which  lead  him  to  think  it  valuable.  The  object  is, 
of  course,  to  have  it  further  tested  by  experimental  results.  It  can, 
at  least,  be  shown  in  this  paper  that  it  is  worth  while  to  thus  test  it 
thoroughly.  It  may  be  said,  in  advance,  that  the  formula  contains 
no  empii-ical  constants  to  fit  it  to  any  set  of  experiments,  but  depends 
only  upon  the  length,  the  cross-section,  the  physical  qualities  of  the 
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material  and  tlie  end  conditions.  It  would,  therefore,  seem  that  if  it 
gives  good  results  in  a  few  widely  sejiarated  cases,  it  ought  to  give 
equally  good  results  in  others  also.  Actual  comparison  of  its  results 
with  the  results  of  experiment  must,  however,  settle  this  question. 
Such  comparisons  are,  therefore,  given  as  the  writer  has  been  able  to 
make  and  additional  ones  are  invited. 

Derivation. — Let  //  be  the  breaking  compressive  unit  stress  for  the 
material,  as  determined  by  experiment  upon  very  short  specimens. 

Let  AB,  Fig.  1,  be  the  cross-section  of  a  column  at  the  point  where 
the  compressive  unit  stress  in  the  outer  fiber  is  greatest,  and  supjjose 
the  column  to  be  at  the  jioint  of  rupture,  so  that  this  compressive 
unit  stress  in  the  outer  fiber  is  the  breaking  unit  stress  i-i.  Let  BE  =/t 
represent  this  stress. 


/7^./ 


At  the  point  of  rupture  the  limit  of  elasticity  is  greatly  exceeded, 
and,  as  we  know,  the  fiber  forces  cannot  be  represented  by  the 
ordinates  to  a  straight  line,  as  is  assumed  in  the  common  theory  of 
flexure.  Let,  therefore,  the  ordinates  to  the  curve  i^^  represent  the 
fiber  forces. 

Now,  we  know  that  for  very  long  columns  with  round  ends,  the 
breaking  load  as  given  by  experiment,  is  very  accurately  given  by 
"Euler's  formula,"  viz. : 

(1) 


where  A  is  the  area  of  cross-section  in  square  inches;  P  the  crippling 
load  in  pounds;  I  the  length  of  column  and  r  the  least  radius  of 
gyration  of  the  cross-section,  both  in  inches  ;  E  the  coefficient  of 
elasticity  in  pounds  per  square  inch ;  and  n  =^  rr  for  round  ends. 

But  this  equation  (1)  is  deduced  by  the  common  theory  of  flexure, 
upon  the  explicit  assumption  that  the  limit  of  elasticity  is  not  exceeded. 
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That  is,  the  fiber  forces  are  assumed  to  be  represented  by  ordinates  to 
the  straight  line  FE  (Fig.  1). 

How  then  can  it  happen  that  the  result  of  this  erroneous  assump- 
tion is  found  to  be  practically  correct  for  experiments  made  at  the 
breaking  jjoint  ?  One  reason  why  this  is  so  can  be  seen  by  an  exam- 
ination of  Fig.  1.  The  curve  ^^  represents  the  actual  fiber  forces, 
the  center  of  action  of  their  resultant  being  represented  by  the  arrow 
at  H.  The  straight  line  FE  rej)resents  the  fiber  forces  as  assumed 
by  the  theory  of  flexure.  We  see  that  the  resultant  of  these  is  greater 
but  acts  at  a  point  G  nearer  the  neutral  axis  0.  The  moment,  there- 
fore, with  respect  to  0,  may  be  the  same  for  both  resultants,  and  actual 
exiJeriment  seems  to  indicate  that  the  compensation  is  very  close,  and, 
hence,  that  so  far  as  this  is  concerned,  the  common  theory  of  flexure 
leads  to  results  which  hold  good  at  the  breaking  point,  and  we  can 
replace  the  curve  FE  by  the  straight  line  FE. 

As  the  length  of  the  column  increases,  the  compressive  fiber  stress, 
other  things  being  unchanged,  will  increase  on  the  concave  side  and 
decrease  on  the  convex  side,  and  the  neutral  axis  0  approaches  A  in 
Fig.  1. 


Evidentlv  we  mav  have  such  a  ratio 


I 


AF  shall  be  zero,  and  the  neutral  axis  coincide  with  ^ 
have  Fig.  2. 


that  when  i?^' becomes  //, 
We  shall  then 


If  I  now  increases,  we  shall  have  compression  on  one  side  and  tension 
on  the  other,  since  the  neutral  axis  will  be  on  the  right  of  -4.  In  other 
words,  pure  flexure  occurs. 

Moreover,  since  a  coujjle  can  only  be  held  in  equilibrium  by  another 
couple,  the  moment  the  neutral  axis  passes  to  the  right  of  J.  in  Fig.  2, 
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it  will  not  stop  until  the  condition  of  Fig.  3  is  reached,  and  the  neutral 
axis  is  at  the  center  of  gravity  of  the  cross-section,  AB. 


/VG.3 


That  is,  the  column  springs  suddenly  from  the  condition  of  Fig. 
2  to  that  of  Fig.  3.  This  is  a  phenomenon  often  observed  in  exjjeri- 
mental  tests  on  long  columns.  We  have  in  Fig.  2,  then,  the  condition 
of  things  at  the  limit  when  pure  flexure  is  about  to  begin. 

Values  of  n. — Now,  if  we  suppose  the  column  to  have  flat  ends  in- 
stead of  round,  we  can  find  the  value  of  n  in  equation  (1),  by  the  jiro- 
portion  «  :  tt"  :  :  ?'  -j-  |  v^  :  f  v^,  hence  for  flat  ends  generally, 

»=(^+0-= (^) 

where  v  and  i\  are  the  distances  from  the  center  of  gravity  of  the  cross- 
section  AB  to  the  outer  fiber  on  the  convex  and  concave  sides  resjiect- 
ively. 

For  symmetrical  cross-sections,  v  =  v^,  and  for  flat  ends,  symmetrical 
cross-section, 

n  =  ^n' (3) 

P 

These  values   of  n  substituted  in  equation  (1),   ought  to  give  —^ 

for  flat  ends,  after  pure  flexure  has  taken  place. 

P    .  ' 

For  pin  ends,  we  know  by  experiment  that  — t-    increases    with   the 

diameter  of  the  jiin.  If  we  assume  that  when  the  diameter  of  the  j^in 
d  is  equal  to  AB  =  D,  the  breaking  strength  is  equal  to  that  for  flat 
ends,  we  can  write  for  pin  ends,  generally, 

d 


(-+4) 


D 


(It+O"' 


(4) 
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For  symmetrical  cross-sections,  r  =  i\-,,  and  this  becomes  for  pin 
ends,  symmetrical  cross-section, 


(^+4) 


n   ^  TT (5) 

This  approaches  the  limit  f  rc'  as  the  pins  diminish. 
For  one  pin  and  one  flat  end,  we  may  take  the  mean  of  (2)  and  (4), 
and  have  for  one  pin  and  one   flat  end,  generally. 


0-+4) 


»=— ez^     (li  +  O-^ <"> 


For  symmetrical  sections  this  becomes 

d 


n 


0-+I-). 


_A  i :!_'    TT [() 

-  -  61) 

'25 
This  approaches  the  limit  -j^  tt-  as  the  pin  diminishes. 

p 

Value   of  —J-  for  Pure  Flexure. — We  have  also  from  Fig.  2, 

A 

P 

where  G  is  the  unit  compression  due  to  flexure  alone,  and  -—  is  the  di- 
rect compression  due  to  the  load  P. 
From^the  theory  of  flexure  we  have 

r  A  {r^  -f  r-) 

where  r  is  the  least  radius  of  gyration  of  the  cross-section  and  J  the 
deflection. 

Substituting  this  value  of  C,  we  have 

P_    _  M 

A  11'^'^ 

r^  -\-  V' 

But  we  see  from  Fig.  2,  that  ^  =  f  D.      We  have  then  for  the  point 
where  pure  flexure  begins, 

(8) 


P  n  n 


A  2  Dr      ~"  1  +  e 

1  +  3FTP) 


2  I)v 
where  e  =  7; — 5 ^^ 
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For  rectangular  cross-sections  . .   e  =  1      and  1  +  e  =  2 
"   solid  round      "   -  "        ..   e  =  U\    "    1  +  6  =  2-,-^ 

"   hollow  round  "  "        . .   e  =    f      "    1  +  e  =  If 

For  otlier  cross-sections,  e  can  be  easily  computed  in  any  given 
case. 

We  see,  however,  that  it  does  not  differ  much  from  ly  and  hence,  in 

p 

general    at  the  point  where  pure  flexure  commences  is  not  far  from 

&  '    A 

It 
"2 

Johnsoii's  Straight  Line  Formula. — In  the  Transactions  Am.  Soc. 
C.  E.  for  July,  1886,  Mr.  Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E. ,  pre- 
sented his  now  well-known  "straight  line  formula."  He  jjointed 
out  the  property  of  Euler's  curve,  viz. ,  that  a  tangent  to  this  curve  at 
any  point  cuts  off  on  the  y  axis  a  distance  equal  to  three  times  the 
ordinate  at  the  laoint  of  tangency.  Thus  in  Fig.  4,  5(7  is  a  tangent  to 
the  curve  at  C,  OB  =  3  y. 


a 

\ 

Fig.  4- 

A 

^ 

K. 

^/"^ 

o 

k X 

> 

PI 
This  is  easily  demonstrated  as  follows  :  Let  — —  =y  and  —=^x.  Fig. 


4.     Then  equation  (1)  becomes 


y 


lE 


Differentiating,  we  have  for  the  tangent  of  the  angle  which  7?  C  makes 

with  the  horizontal 

dii_  _  _    InE 
cic  ~  "~     .^•=* 

Hence,  the  distance  AB,  Fig.  4,  is  —  x  -r-=  — % —  =  2  y.     The  dis- 

°  dx  .r 

tance  OB  is  therefore  3y,  and  the  abscissa  0JE7  to  the  point  of  tangency 

OB 
Now  the  portion  BC,  Fig.  4,  is  Mr.  Johnson's  straight  line.     By  plot- 


is  OE 


I  3  nj 


DUBOIS    ON    FORMULA    FOR    STRENGTH    OF    COLUMNS.  75 

ting  all  the  experiments  available,  he  determined  OB  for  wrought  iron  at 
42  000  poimds  per  square  inch,  and  found  for  n,  for  flat  ends,  h  =  f  ;r  ", 
and  for  pin  ends  n^^  tT. 

These  latter  values  agree  with  those  we  have  already  deduced  in  (3) 
and  (5),  for  symmetrical  sections  and  small  pins.  It  is  believed,  as  the 
result  of  these  investigations,  that  the  values  given  by  (2)  and  (4)  are 
more  general. 

Mr.  Johnson's  formula  is  th-en — • 
lE 


for^<j4^ 
r        \     OB 


for 


=  OB-^^Jj^L 
•J  \  3  uE  r 


P  _    nEr' 

~A~    r- 

where  n  depends  on  the  end  conditions  as  ali-eady  stated.  These  for- 
mulas have  been  widely  adopted,  and  in  the  pajier  of  Mr.  Johnson  re- 
ferred to,  he  showed  that  they  gave  good  average  results,  taking  all 
the  experiments  together. 

Mr.  Johnson's  value  of  OB  was,  however,  about  f  //.     This  fact  was 
commented  upon  by  Mr.  James  Chi-istie,  M.  Am.  Soc.  C.  E. 
The  Proposed  Formula. — Like  Mr.  Johnson,  we  proj)ose — 


r  =  \ 


.      .     .     .SnE 
for  — 


r       A/      /' 

P  nEr' 


A    -       I'      (') 

It  will  be  observed  that  OB,  Fig.  5,  is  taken  equal  to  the  full  value 

of  //  in  any  case,  not  to  the  average  for  a  number  of  cases,  nor  to  any 

fraction  of  the  average. 

As  these  values  for  n  agree  practically  with  Mr.  Johnson's,  both 

give  the  same  formula  (9)  for  large  values  of  — ,  except  that  the  limit  here 

given  is  a  little  different.  Thus,  for  wrought  iron  he  would  take  //  = 
42  000  =  0B\  Fig.  5,  while  the  writer  would  take  //,  whatever  its  full 
value  for  the  material  may  be,  which  for  wrought  iron  would  in 
general  be  nearly  60  000.  This  gives  a  different  location  for  the  point 
E,  Fig.  5. 

A  straight  line  from  C  to  D,  Fig.  5,  is  then  drawn,  the  ordinat  e  at  i> 
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being  ^p— - — ,  where  e  has  been  ah-eady  found  from  (8),  and  shown  in 
most  cases  to  be  not  far  from  e  =  1. 

We  therefore  have  for  medium  valvies  of 

3e 


/' 


for-> 


2  (e  +  1) 


J- 


3  nE 

1^1. 


and  < 


3  nE 


/' 


=  /' 


I    ^  "~  3  r  \f    3  iiE  J 


(10) 


This  differs  from  Mr,  Johnson's  straight  line  in  two  important  re- 
spects. First,  its  j^oint  of  tangency  C,  Fig.  5,  and  its  inclination 
depend  upon  the  actual  value  of  u  in  any  case.  Second,  it  stojjs  at  1), 
while  Mr.  Johnson's  straight  line  runs  from  C'  to  B^,  Fig.  5. 


/7o.  5 


/^ 

This  is  the  weak  point  of  Mr.  Johnson's  formula.  All  experiments 
the  writer  has  thus  far  been  able  to  plot,  show  from  D  to  i?  a  cui've 
similar  to  that  shown  in  Fig.  5.  This  curve  always  runs  under  the 
straight  line  BB,  and  it  includes  many  of  the  most  commonly  occurring 

ratios  of  — . 
r 

It  is  for  this  reason  that  Mr.  Johnson  was  obliged  to  run  his  straight 
line  lower  down,  making  OB^  less  than  //.  This  strikes  an  average, 
but  follows  no  given  set  of  experiments. 

For  the  curve  from  D  to  B,  Fig.  5,  the  writer  has,  after  much  labor 
and  testing,  assumed  the  form  y  =  f.i  [1  —  ax  —  hx  (1  —  bx)~^ 

Determining  the  constants  a  and  b  by  the  conditions  that  the  curve 
shall  be  tangent  to  the  line  DC  &.i  D,  we  easily  find — 

^  _:  2(.+i) 


2 
^=3 


3  nE  ' 


3e 


\|  3?i 


E 
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We  have  then — 

lor  —  =:  U  up  to  — 


r  ^        r        2  (e  +  1) 

^  _     r  -,  _  2_^      f      M  ~  _  2{e+l)l     I     M 

0-^^'si^)1 <"' 

It  T\-ill  be  seen  then,  that  our    proj)osed  formula  comprises  Euler's 

curve  (9)  for  large  values  of—,  with  the  values  «  given  by  (2),  (4)  and 

r 

(6)  ;  a  straight  line  given  by  (10)  for  intermediate  vahies  of  —  ;     and 

a   curve   given  by  (11)   for   medium    and   small     values    of  — .      The 

limits  are  determined  bv  the  ordinates —  and  -^ .     The  value  of  e  is 

e  +  1  6 

given  by 

2i)«  (12) 


where  D  is  the  breadth  of  cross-section  in  the  direction  of  bending,  v 
is  the  distance  from  center  of  gravity  of  the  cross-section  to  the  outer 
fiber  on  the  tension  side,  r  is  the  radius  of  gyration  of  the  cross-section 
— all  in  inches. 

Nearly  all  practical  cases  lie  within  the  limits  of  (11),  and  within 
these  limits  it  seems  certain  from  all  the  experiments  the  writer  has 
been  able  to  obtain,  the  law  is  not  that  of  a  straight  line. 

Equations  (9),  (10)  and  (11),  it  will  be  observed,  contain  no  em- 
pirical constants,  to  fit  them  to  any  special  set  of  experiments.  The 
constants  u  and  E  depend  upon  the  material  and  can  be  experimentally 
determined  on  short  specimens.  The  constant  n  dejiends  only  uj^on 
the  end  conditions  as  given  by  (2),  (4)  and  (6),  and  the  constant  e 
dei^ends  upon  the  shape  of  cross-section  only  as  given  by  (12).  The 
formulas  depend  therefore  only  ujion  the  length,  the  cross-section,  the 
physical  qualities  of  the  material  and  the  end  conditions,  in  any  given 
case. 

Application  of  the  Formulas. — In  the  Transactions  Am.  Soc.  C.  E.  for 
January,  1882,  will  be  found  a  series  of  experiments  made  upon  full- 
sized  wrought-iron  Phoenix  columns,  with  the  United  States  Govern- 
ment testing  machine  at  Watertown  (Mass.)  Arsenal,  presented  by  T. 
C.  Clark,  A.  Bonzano,  John  Grifien  and  David  Keeves,  Members  Am. 
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Soc.  C.  E.  In  Table  No.  1  we  give  the  results  of  these  experiments. 
The  columns  were  all  flat  ends.  According  to  the  data  given,  we  have 
Z)  ^  8  inches,  r  =  4  inches,  r=3  inches,  and  hence  from  (12)  e=  0.853. 
"We  see  also  from  the  experiments  that  /<  is  not  far  from  57  000  pounds 
per  square  inch. 

We  are  not  told  the  value  of  E.  We  assume  it  at  33  960  000  i^ounds 
per  square  inch.  A  considerable  change  in  its  value  between  the 
limits  of  38  000  000  and  16  000  000  will  cause  but  little  variation  in  the 
results  of  our  formula  (11)  for  the  range  of  experiments  given.  We 
have  chosen  the  value  of  E  which  is  indicated  by  our  formula. 

We  have  then  n  =-^  tt'  from  (3)  and      I r-^  =  210. 

TT  2      |~7~  1  ,    2  (e  +  1)      \~T~         1 

Between  the  limits  of  —  =  0  and  —  =  145,    therefore,  we    have    from 
r  r 

equation  (11), 

-^  =  57  000  r  1  —  5^  —  —4-    f  1  —  TW-  "l  ^  1 
A  L  315?-        145  r   \  145  r  /      J 

and  this  equation  includes  the  entire  range  of  the  experiments. 

In  Table  No.  1  are  given  the  results  of  this  formula  in  the  last  col- 
umn, and  of  the  experiments  in  the  next  to  the  last  column. 

These  experiments  have  been  plotted  in  Plate  XXII,  Fig.  1,  the  for- 
mula curve  is  drawn  in  a  full  line,  and  the  "  straight  line  formula"  of 
Mr.  Johnson,  and  the  Rankine-Gordon  formula  in  broken  lines.  The 
Rankine-Gordon  formula  adopted  is 

P  _        40  000 

'  A  /2 


36  000  r-i 

A  glance  at  the  plate  shows  that  the  formula  proposed  follows  the 
law  of  the  experiments  much  more  closely  than  either  of  the  other 
formulas.  It  is  also  evident  that  the  last  two  do  not  express  this  law 
at  all.     All  that  can  be  said  of  them  is  that  they  are  certainly  safe. 

By  reference  to  Table  No.  1,  it  will  be  seen  that  the  experimental 
values  themselves  vary  considerably  in  some  cases,  even  for  the  same 

area,  ratio  _,  length  and  r.     SiTch  deviations  mav  be  due  to  lack  of 
r 

exact  centering,  lack  of  perfect  straightnes^,  lack  of  uniformity  of  E 
for  compression,  etc. 


I 
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A  formula,  therefore,  which  accurately  expresses  the  strength  of  a 
column  in  terms  of  the  known  physical  properties  only,  should  be  ex- 
pected to  show  variations  from  the  results  of  experiment.  The  char- 
acter of  these  variations,  however,  ought  to  be  significant. 


TABLE  Xo.  1. 

Watebtown  Expeeiments — CiiAKK,  Eeeves  &  Co. 
Flat  Ends,  Wkought  Ikon. 


Phcenix  Colitmns, 


No 


Length. 
Feet. 


28 
28 
25 
25 
22 
22 
19 
19 
16 
16 
13 
13 
10 
10 

7 

7 

i 

i 

8  inches. 

8  inches. 

25'  2.65  ■ 

8'  9' 


Area. 
Square 
inches. 


12.062 
12.181 
12.233 
12.100 
12.371 
12.311 
12.023 
12.087 
12.000 
12.000 
12.185 
12.069 
12.248 
12.339 
12.265 
11.962 
12.081 
12.119 
11.903 
11.903 
18.303 
18.300 


r  inches. 

1 

r 

3 

112 

3 

112 

3 

100 

3 

100 

3 

88 

3 

88 

3 

76 

3 

76 

3 

64 

3 

64 

3 

52 

3 

52 

3 

40 

3 

40 

3 

28 

3 

28 

3 

16 

3 

16 

3 

2.7 

3 

2.7  i 

4:A 

68.8 

iA 

24 

Experiment 

— = pounds 
A 

per  square 
inch. 


33  150) 

34  150 1 

35  2701 
35  040  i 
35  570 

34  360  j 

35  365 

36  900  j 
36  580  1 
36  580  j 

36  857  I 

37  2001 
36  480  I 
36  397  j 

38  157  1 
43  300  j 
49  500 
51  240) 
57  130 
57  300  j 
36  010 
42  180 


Formula 

—  =  pounds 
A 

per  square 
inch. 


34  445 

35  129 

35  739 

36  480 

37  620 
39  180 
4149G 
42  636 
49  128 

55  495 

37  078 
46  056 


In  Plate  XXH,  Fig.  1,  we  see  that  the  proposed  formula  coincides 

closelv  with  experiment  for  small  values  and  large  values  of  — ,  but 

r 

deviates  most  for  —  =  40. 
r 

This  is  precisely  what  might  be  expected,  because  for  small  values  of 

—  the  flat  ends  have  full  bearing.  For  larger  values  of  —  the  flat  ends 
r  r 

leave  their  beaiing  more  or  less,  while  for  still  larger  values  of  — ,  points 

r 

of  contra-flexure  become  established  and  the  flat  ends  come  back  to  full 
bearing  again.  The  deviations  shown  in  Plate  XXH,  Fig.  1,  are  thus  of 
just  the  character  which  might  be  expected  from  a  formula  which 
accurately  expresses  the  law  of  breaking  strength. 


80 


DUBOIS   ON   FORMULA   FOR   STRENGTH   OF   COLUMNS. 


Colonel  Laidleys  Experiments. — In  Ex.  Doc.  No.  12,  47  Cong.,  1st 
Session,  are  given  a  number  of  experiments  by  Colonel  T.  T.  S.  Laidley, 
U.  S.  A. ,  upon  channels  -with  flat  ends  and  columns  with  pin  ends  com- 
posed of  two  channels  latticed.  In  Table  No.  2,  the  results  of  the  ex- 
periments upon  flat  end  channels,  as  quoted  by  Prof.  William  H.  Burr 
("Elasticity  and  Kesistance  of  the  Materials  of  Engineering,"  New 
York,  John  Wiley  &  Sons,  1883)  are  given. 

The  channels  were  6,  8,  10  and  12  inches.  We  have,  as  before,  n  = 
f  TT"  from  (3).  The  value  of  (e)  as  given  by  (12)  is  about  e  =  0.8.  The 
values  of  /.i  and  -E^are  taken  at  i.i^=bA  000  and  jE'=  22  000  000  j)ounds  per 

square  inch.     We  have  then 


si 


3  nE 


/< 


=  174  and  from  equation  (11)  for 


Z.  =  0  to  ^ 


116 


^  =  54  000  I  1 


260  r 


116 


r   \         116  7-/    J 


TABLE  No.  2. 

LAIDIiEY's   EXPEBIMENTS — CHANNELS,    FlAT   EnDS — WkOUGHT   IkON. 


[ 

Inches. 

Experiment 

Formula 

No. 

Area. 
Square 
inches 

Length. 
Inches. 

r  inches. 

r 

P 

— =  pounds 
A 

per  square 
inch. 

—  =  pounds 
A 

per  square 
inch. 

1 

6 

2.33 

6.00 

0.58 

10.3 

42  293 

47  871 

2 

6 

2.33 

17.60 

0.58 

30.3 

36  835 

40  014 

3 

6 

2.33 

23.90 

0.58 

41.1 

33  910 

37  530 

4 

6 

2  33 

48.00 

0.58 

82.6 

28  140 

33  642 

5 

8 

3.80 

8.00 

0.48 

16.6 

43  295 

45  068 

6 

8 

3.80 

17.90 

0.48 

37.2 

35  280 

38  340 

7 

8 

3.80 

23.90 

0.48 

49.7 

35  975 

36  180 

8 

8 

3.80 

29.90 

0.48 

62.2 

33  400 

34  884 

9 

8 

3.80 

48.00 

0.48 

99.8 

30  620 

32  400 

10 

10 

4.85 

10  00 

0.69 

14.5 

35  080 

45  824 

11 

10 

4.85 

17.90 

0.69 

26.0 

33  820 

41320 

12 

10 

4.85 

23.90 

0.69 

34.7 

34  355 

38  880 

13 

10 

4.85 

29.90 

0.69 

43.4 

34  050 

37  098 

14 

10 

4.85 

48.00 

0.69 

69.6 

34  080 

34  365 

15 

12 

6.00 

12.00 

0.87 

13.8 

37  240 

46  153 

16 

12 

6.00 

17.80 

0.87 

20.5 

36  590 

43  281 

17 

12 

6.00 

23.90 

0.87 

27.5 

36  695 

40  845 

18 

12 

6.00 

29.90 

0.87 

34.4 

35  150 

38  934 

19 

12 

6.00 

48.00 

0.87 

55.2 

.     36  040 

35  532 

These  experiments  are  plotted  in  Plate  XXII,  Fig.  2.  It  will  be  ob- 
served that  there  are  many  anomalous  experiments  and  that  the  devia- 
tions of  the  formula  from  the  general  curve  of  the  experiments  for  medium 

values  of  — ,  which  have  been  already  alluded  to  in  connection  -n-ith 
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Plate  XXn,  Fig.  1,  are  still  more  marked.  This  again  might  have  been 
exiDected.  The  flat  end  bearings  are  for  channels  very  imperfect.  It 
maj,  indeed,  be  doubted  whether  such  a  cross-section  can  fairly  be 
considered  as  flat  bearing  at  all.  The  case  is  more  probably  intermediate 
bet^seen  flat  ends  and  pin  ends. 

Here,  however,  we  are  enabled  to  test  the  importance  of  this  action 

of  the  end  bearings,  tor  niediunl  ratios  of  — . 

Colonel  Laidley  experimented  upon  pin-ended  columns  made  of  these 
same  channels,  latticed.  For  pin  ends  there  is  no  disturbing  action, 
such  as  is  due  to  flat  ends,  and  we  should  expect  the  formula  to  agree 
more  closely  with  exijeiimental  results. 

We  must  take,  of  course,  the  same  values  for  /<  and  E  as  before,  viz. , 
/(  =  54  000  and  E  =  22  000  000  jjounds  per  square  inch. 

The  i^ins  were  3 J  inches  and  the  channels  spaced  8  inches  apart.  We 
have  therefore  from  (5)  n=  t  X  1.2  x  tt".     We  have  also  from  (12)  e  =^1 


nearlv.     Hence 


4 


SnE 


M 
^  =  54  000 


155  and  from  (11) 


A'-^e,) 


232r  116/ 

These  experiments  are  given  in  Table  No.  3  and  Plate  XXII,  Fig.  3. 

TABLE  No.  3. 
Latdlet's  Expeetments — PrN  Ends,  Cha>'n-ei.s,  Wkought  Ikon. 


Experiment 

p 

>-o. 

[ 

Inches. 

Area . 
Square 
inches 

Length. 
Inches. 

r  inches. 

I 
r 

P 

—  pounds 
A 

per  square 
inch. 

Formula  — - 

pounds  per 
square  inch. 

1 

8 

7.65 

160 

3.00 

53.3 

35  025 

34  344 

2 

10 

9.70 

200 

3.65 

54.8 

33  920 

34  182 

3 

6 

4.65 

144 

2.35 

61.3 

34  450 

31  388 

i 

6 

i.e."! 

150 

2.35 

63.9 

34  130 

H3  129 

o 

8 

7.65 

200 

3.00 

66.7 

33  790 

32  875 

6 

10 

9.70 

250 

3.65 

68.5 

33  770 

32  713 

7 

6 

4.65 

180 

2.35 

76.7 

34  180 

32  103 

8 

8 

7.65 

240 

3.00 

80.0 

32  375 

31  789 

9 

12 

12.00 

360 

4.44 

81.0 

31  475 

31719 

10 

10 

9.70 

300 

3.6.5 

8-2.2 

3a  015 

31  622 

U 

6 

4.65 

210 

2.35 

89.5 

31935 

30  996 

12 

« 

7.65 

280 

3.00 

93.3 

3181)0 

30  623 

13 

10 

9.70 

350 

3.65 

95.9 

30  780 

30  315 

14 

6 

4.65 

240 

2.35 

102.2 

30  085 

29  543 

15 

8 

7.65- 

320 

3.00 

106.7 

29  600 

28  846 

16 

6 

4.65 

270 

2.35 

115.0 

30  820 

27  226 

IT 

8 

7.ti5 

360 

3.00 

120.0 

25  8^5 

26  071 

18 

6 

465 

3(10 

2  35 

127.8 

,      24  355 

24  256 

19 

6 

4.65 

330 

2.35 

140.6 

21330 

21276 

20 

6 

4.65 

360 

2.35 

153.4 

15  320 

18  295 
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TABLE   No.  4. 
Tubes. — Flat  Ends,  Wrought  Iron. 


Experiment 

Formula 

No. 

Length. 
Inches. 

External 

Diameter. 

Inches. 

Thickness. 
Inches. 

Area. 
Square 
inches. 

I 
r 

—  = pounds 
per  square 

P 

—  =  pounds 
A 

per  square 

inch. 

inch. 

1 

120 

1.60 

0.10 

0.44 

240 

14  670 

13  566 

2 

120 

2.00 

0.10 

0.61 

179 

23  206 

24  624 

3 

120 

2.35 

0.23 

1.50 

160 

21900 

27«73 

4 

120 

2.50 

0.11 

0.80 

141 

29  800 

29  976 

5 

320 

3.00 

0.15 

1.35 

120 

27  6701 
31180} 

31692 

6 

60 

1.50 

0.10 

0.44 

120 

7 

90 

3.04 

0.17 

1.41 

90 

29  790 

33  937 

8 

60 

2.00 

0.10 

0.61 

89 

33  300 

34  029 

9 

120 

4.05 

0.16 

1.90 

87 

26  960 

34  200 

10 

60 

2.35 

0.22 

1.47 

80 

29  330 ) 

30  000 ) 

34  941 

11 

60 

2.34 

0.21 

1.37 

80 

12 

60 

2.50 

0.11 

0.80 

71 

35  100 

36  041 

13 

89 

4.00 

0.24 

2.H7 

67 

26  800 

36  605 

14 

90 

4.05 

0.12 

1.61 

65 

33  330 

36  907 

15 

30 

1.50 

0.10 

0.44 

60 

34  220 

37  722 

16 

60 

4.00 

0.24 

2.85 

45 

32  2(10) 
36  980 ) 

40  732 

17 

30 

2.00 

0.10 

0.61 

45 

18 

30 

2.35 

0.24 

1.60 

40 

35  660  1 
36(100) 

41952 

19 

30 

2.34 

0.21 

1.44 

40 

20 

29 

2.37 

0.23 

1.55 

39 

36  910  1 

42  219 

21 

29 

2.34 

0.20 

1.36 

39 

39  570 ) 

22 

30 

2.50 

0.11 

O.HO 

35 

36  490 

43  320 

23 

28 

3.00 

0.15 

1.41 

28 

37  390 

45  440 

24 

28 

4.00 

0.25 

2.85 

21 

48  200 

47  817 

TABLE  No.  4^[Gontinued). 
Solid  Kectangular. — Flat  Ends,  Wrought  Iron. 


Experiment 

Formula 

No. 

Length. 

Section.    Inches. 

Area. 
Square 

I 

-~  =  pounds 

—  =  pounds 

inches. 

r 

per  square 
inch. 

per  square 
inch. 

1 

120 

2.98x0.5 

1.50 

822 

8  160 

1  240 

2 

9a 

2.98  xO.5 

1.50 

643 

2  410 

2  026 

3 

120 

3.01  xO.77 

2.31 

540 

3  380 

2  874 

4 

120 

3.00x1.00 

3.00 

414 

4  280 

4  888 

5 

60 

2.98x0.5 

1.50 

400 

5  630 

5  240 

6 

90 

(5.86  x0.99> 
|3.00xl.00( 

3.00 

311 

9  600 

8  663 

7 

90 

1.02  X  1.03 

1.05 

300 

9  750 

9  310 

8 

120 

3.00x1.51 

4.53 

272 

10  170 

11  325 

9 

60 

3.01x0.77 

2.31 

270 

•     12  970 

11  500 

10 

60 

3.01  xO.99 

2.99 

207 

18  070 ) 
17  700} 

19  550 

11 

60 

5.84x1.00 

5.84 

207 

12 

30 

2.99x0.50 

1.50 

206 

16  860 

19  722 

13 

90 

3.00x1.53 

4.59 

204 

19  990 

20  086 

14 

60 

1.03  X  1.02 

1.05 

200 

17  270 

20  805 

15 

30 

3.01  xO.76 

2.30 

135 

27  770 

31  617 

16 

30 

3.00x1.00 

3.00 

104 

29  660 

33  886 

17 

30 

1.02  X  1.02 

1.04 

100 

25  330 

34  100 

18 

15 

1.02x1.02 

1.04 

-    60 

34  550 

39  540 

19 

7.5 

1.02  X  1.02 

1  04 

25 

48  680 

4fi  067 

20 

3.8 

1.02x1.02 

1.04 

13 

50  400* 

50  684 

*  Bore  this  withoxit  failure. 
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It   will  be  observed  tliat,  so  far   as   the   experiments    extend,  the 
formula  follows  the  experiments  very  closely. 

For  values  of  —  greater  than  116    and  less   than   155  we  have  the 

r 


straight  line, 

L  232rJ 


^     =  54  000 
A 


These  experiments  seem  to  confirm  our  value  for  n  for  pin  ends, 
given  in  equation  (5). 

In  Table  No.  4  are  given  the  results  of  some  English  experiments 
upon  small  flat-end  wrought-iron  columns  of  rectangular  and  tubular 
cross-section,  as  given  by  Prof.  William  H.  Burr  ("Elasticity  and 
Resistance  of  the  Materials  of  Engineering,"  John  Wiley  &  Sons, 
1883).  We  take  for  /<  and  E  the  same  values  as  in  Table  No.  1,  viz. , 
//  =  57  000  and  E  =  33  960  000  pounds  per  square  inch.  W^e  have 
seen  that  e  for  rectangular  cross-sections  is  e  =  1,  and  for  hollow 
round,   almost    the    same.      Taking  then  e  ^  1   for   both,  we   have 

ZnE 


^/ 


=  210  and 

/' 

for  -   =  0  to  -  =  157,  from  (11) 
r  r 


P 

A 

=  57  000      1  - 

I 
315r 

foi 

/ 
r 

=  157  to  -  =  210 
r 

P 

A   ~ 

=  57  000  r  1  — 

315?- J 

for 

I 
r 

>210 

P                            1^ 
^  =837900  000    ,„  . 
A                              r 

157r 


O-T^) 


These  results  are  given  in  Plate  XXII,  Fig.  4.  Here  the  action  al- 
ready alluded  to  in  the  case  of  flat  ends  seems  very  marked.  The  for- 
mtila  follows,  however,  quite  closely  the  greater  values,  and  gives,  as  it 
should,  values  a  little  larger  than  the  gi-eatest.  There  are  many  anoma- 
lous experimental  values,  due  jirobably  to  imperfect  centering,  etc. 
The  range  of  the  experiment  is  sufficient  to  check  our  assumed  values  of 

n  and  E.     It  will  be  seen  that  above  —  =  210,  Euler's  curve  agrees  well 

r 

Avith  experiment  if  our  value  of  >?,  equation  (3),  is  inserted  for  flat  ends. 

In  Senate  Doc.  for  1883-84,  1st  Session,  a  number  of  experiments 


I 
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are  given,  made  at  Watertowu  upon  bars  3x3  inclies,  with  li-incli 
pins.  The  results  of  these  experiments  are  found  in  Table  No.  5.  The 
coefficient  of  elasticity  for  tension  is  given  at  about  28  000  000.  The 
tensile  breaking  stress  is  given  at  50  000.  We  shall  take  then  K  = 
28  000  000  and  ii  =  45  000  jjounds  per  square  inch. 

TABLE   No.  5. 

Watektown   Experiments.     Wkought-Ikon  Baus,  3x3  Inches,  Pin 
Ends.     Pin  1\  Inches. 


Experiment 

Formula 

7 

P  _ 

P 

No. 

Length. 

i 

A   ~ 

~A  ~ 

Inches. 

r 

pounds  per  square 
inch. 

pounds  per  Equare 
inch. 

1 

30 

34.6 

28  260  ( 

33  511 

2 

30 

34.6 

31  990) 

3 
4 

42 
42 

48.5 
48:5 

26  050  ( 
30  270 ) 

30  915 

5 
6 

54 
54 

62.35 
62.35 

26  3J0  1 
26  710/ 

29  160 

7 
8 

60 
60 

69.3 
69.3 

26  310 1 
26  640  \ 

28  467 

9 

66 

76.2 

25  550  1 

27  945 

10 

66 

76.2 

25  310 1 

11 
12 

72 
72 

83.1 
83.1 

27  930 1 
2G  560  ] 

27  500 

13 

78 

90.0 

26  800 

27  085 

14 
15 

84 
84 

97 
97 

25  770 1 
23  490 ) 

26  716 

16 

90 

1.J4 

24  030 1 

26  370 

17 

90 

104 

25  38U  1 

18 

95.54 

110 

25  860  i 
24  24(1  ( 

26  032 

19 

95.54 

110 

20 

101.7 

117 

24  690  1 
22  040  j 

25  560 

21 

101.7 

117 

22 

107.57 

124 

21  870 t 

25  087 

23 

107.57 

124 

20  960  \ 

24 

113.63 

131 

19  740  i 
21050/ 

24  500 

25 

113.63 

131 

26 

119.60 

137 

20  660  i 

23  850 

27 

119.60 

137 

20  200  ( 

28 

125.64 

145 

17  580 ) 

22  815 

29 

125.64 

143 

20  590  \ 

30 

131.70 

152 

20  830  1 

21735 

31 

131.70 

152 

19  470/ 

32 

137.65 

161 

17  4201 

33 

137.65 

161 

18  140  ( 

20  250 

34 

143.82 

166 

17  490  i 
17  710/ 

35 

143.82 

166 

19  620 

36 

149.79 

173 

16  520 ) 

37 

149.79 

173 

17  840  ( 

18  450 

38 

155.76 

180 

18  390) 
16  950/ 

39 

165.76 

180 

17  460 

40 

161.81 

187 

16  590  i 
16  860  / 

41 

161.81 

187 

16  380 

42 

167.76 

193 

15  880 1 
17  920/ 

43 

167.76 

193 

15  480 

44 

173.60 

200 

14  070  1 

14  980  / 

45 

173.60 

200 

14  394 

46 

179.50 

207 

13"010l 
15  700/ 

47 

179.50 

207 

13  436 

I 
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Since  from  (12)  we  have  e  =  1,   and  from  (5),  n  :=   [-  x  1.25  tj^,  we 


have  .  l-^y^  =  196,  and  from  (11) 

for  i  =  0  to  -  =  117 
■)•  r 

P       r,         I  I 

for   -  =  147  to  -  =  196 

V  V 


3 


Tl ^1 

L  294rJ 


f-  =  45  000 
A 


for  i  >  196 

r 


±-  =575  750  000— T' 
A  /- 


These  experiments  are  given  in  Plate  XXII,  Fig.  5,  together  with 
the  straight  line  formnla,  and  the  Eankine-Gordon  formula, 
P^   _      40  000 
^    "~  -,    ,         l- 


18  000?'- 
The  experiments  show  many  anomalous  results,  as  will  be  seen  from 
the  values  in  Tal3le  Y,  for  Xos.  1  and  2,  3  and  4,  etc.     Also  the  experi- 
ments give  a  less  breaking  load  for =  145  than  for =  180.   Such 

r  r 

discrepancies  mnst  be  attributed  to  lack  of  centering,  etc.  The  for- 
mula follows  the  general  law  well  when  tested  by  maximum  vahies. 

Concluding  Rptnarks. — The  projjosed  formula  has  a  rational  basis, 
and  depends  only  upon  the  iDhysical  projierties  of  the  material,  the  cross- 
section  and  the  end  conditions.  Xo  single  formula  hitherto  proposed 
Avill  embrace  all  the  experiments  here  given  so  well.  Still,  more  com- 
parisons are  needed  in  order  to  thoroughly  establish  the  reliability 
and  accuracy  of  the  formula.  It  is  for  that  reason  that  the  writer 
calls  the  attention  of  the  Society  to  it.  He  has  simply  endeavored  to 
show  by  the  j^resent  paper  that  there  seems  to  be  a  strong  presumiDtion 
in  its  favor  and  that  it  is  worth  investigating.  In  order  to  thoroughly 
test  it,  careful  experiments  are  needed  over  a  wide  range  and  various 
conditions,  for  which  the  values  of  /<  and  E  are  known  by  actual  ex- 
periment in  each  case. 

It  is  to  be  regretted  that  in  all  the  experiments  found  available, 
the    physical    properties    of    the    material    experimented    upon    are 
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not  determined,  and  must  be  estimated.  It  is  tliis  fact  which  weakens 
the  force  of  the  present  comparison.  The  values  of  n  and  E  ai'e  not 
known  certainly,  and  the  suspicion  must  arise  that  in  assuming  them 
the  writer  has  really  fitted  his  formula  to  the  experiments  in  each  case. 
A  scrutiny  of  the  plates  will  remove  this  objection.  In  nearly  all 
cases,  the  average  results  could  be  improved  by  taking  diiferent  values 
of  )i  and  E.  In  Plate  XXII,  Fig.  5,  we  fortunately  know  //  and  E  very 
nearly.    In  Plate  XXII,  Fig.  4,  the  agreement  with  Euler's  curve  for  large 

values  of  —  sanctions  our  value  for  E,  while  the  range  of  experiments 
r 

is  such  that  //  can  be  closely  assumed.  In  Plate  XXII,  Fig.  1,  we  have 
taken  the  same  //  and  £'as  in  Plate  XXII,  Fig.  4.  The  variations  of  the 
formula  from  experiment  are  in  the  main  what  we  should  expect  from 
an  accurate  formula  when  compared  with  experiment. 

In  any  case  it  seems  beyond  doubt  that  even  with  average  values  of 
y/  and  E,  equation  (11)  is  jjreferable  to  either  the  straight  line  formula 
or  the  Kankine-Gordon  formulas  in  general  use. 

Christie's  Experiiaents. — In  the  Transactions  Am.  Soc.  C.  E.  for 
April,  1884,  Mr.  James  Christie,  M.  Am.  Soc.  C.  E.,  has  given  the 
results  of  about  three  hundred  experiments  upon  wrought-iron  struts, 
embracing  angles,  tees,  beams  and  channels,  and  tubes,  for  flat  ends, 
fixed  ends,  pin  or  hinged  ends,  and  round  ends. 

The  value  of  E  for  compression,  appears  from  experiments  by  Mr. 
Christie  to  be  abotit  24  000  000  pounds  per  square  inch.  The  experi- 
ments, Avhen  plotted,  indicate  the  breaking  stress  /<  to  be  about  57  000 
pounds  jjer  square  inch. 

For  flat  ends  we  have,  then,  n  =  24.675,  and     |  L!i^  =  17G.  If  we 


4' 


take  e  =  1,  we  have 

• 

F/atEnds.— 

^   =  57  000  fl 

2M,.         13270       132,-)  ]'°''    ,'=»'» 

^    =132 

• 

^  =  57  000  [l 
A 

J^  1  for     ^    =  132  to     "^    =  176 
2b4rJ           r                         r 

^]    _    '''^f   =  592  200  000   '''   for    ^    >  176. 
A             r                                 I'            r 

For  pin  ends,  taking  jz  =  f  tt'  =  16.45,  e  ==  1,  and  same  values  of  E 

and  //  as  before,  we  have 

I'inE     _  j^^^^^ 
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Pin  Ends. — 
P 


=  57  000      1 


216r 


108 


70-i(^)>°'-i  =  «'° 


—  =  108 


[^-^.] 


^        57  000  fl  —  -kLA  foi"  —  =  108  to  -^  =  144 


394  800  000  -^  for 


for 

/ 


A 
P_ 

'A    """^ /- 

For  round   ends   we   have  n.  ;=  tt"  =  9.87,  and  taking  e  =  1,   and 


144. 


same  values  of  E  and  n  as  before,  we  have 
Round  Ends. — 


112  and 


P 
A 
P 
A 


=  57  000 
=  57  000 


ISnE  _ 

D- 16^-847.0 -sty]'- ?=«*%= 
[1  -  r«y 


84 


for  -  =  84to-=  112 
r  r 


^  =  236  880  000  ^   for  -  >  112. 
A  r  r 

TABLE  No.  6. 

Chkistie's  Experiments — Average  Results. 

Wrought-Iron  Angles,  Tees,  Channels,  Beams  and  Tubes. 


Flat  ends 
P  _ 

Flat  ends 

Pin  ends 
P 

Pin  ends 

Round    ends 
P 

Round    ends 

I 

formula 

formula 

formula 

— 

A 

P 

A 

P 

A 

P 

pounds  per 

'a 

pounds  per 

1. 

pounds  per 

j^ 

square   inch. 

square   inch. 

square   inch. 

20 

46  000 

46  466 

46  000 

44  716 

44  000 

42  408 

40 

40  000 

39  974 

40  0U0 

38  076 

36  500 

36  024 

60 

36  000 

36  337 

36  000 

34  912 

30  500 

33  345 

80 

32  000 

34  371 

31500 

33  060 

25  000 

29  754 

100 

29  800 

32  889 

28  000 

30  324 

20  500 

23  085 

120 

26  300 

30  666 

1         24  300 

25  308 

16  500 

16  450 

140 

23  ."iOO 

26  733 

21  000 

2.1  064 

i         12  800 

12  084 

160 

20  000 

22  458 

16  500 

15  422 

1           9  500 

9  253 

180 

16  800 

18  280 

■         12  80;) 

12  185 

7  500 

7  311 

200 

14  500 

14  805 

1         10  800 

9  870 

I           6  000 

5  922 

220 

12  700 

12  240 

8  800 

8  160 

1           5  000 

4  900 

240 

11200 

10  280 

7  500 

6S54 

i           4  300 

4  112 

260 

9  800 

8  760 

6  500 

5  840 

3  800 

3  503 

280 

8  500 

7  554 

5  700 

5  02;i 

3  200 

3  012 

800 

7  200 

6  580 

5  000 

4  387 

2  800 

2  743 

320 

6  000 

5  783 

4  500 

3  856 

2  500 

2  313 

340 

5  100 

5  123 

4  000 

3  415 

2  100 

2  050 

360 

4  300 

4  570 

'           3  500 

3  046 

1900 

1828 

380 

3  50() 

4  100 

3  000 

2  734 

1700 

1640 

400 

3  0110 

3  700 

2  500 

2  468 

1500 

1  480 

420 

2  500 

3  357 

2  300 

2  240 

1300 

1343 

440 

2  200 

3  059 

2  100 

2  040 

400 

2  000 

2  710 

:           1  900 

1«66 

4»0 

1  900 

2  570 

1  800 

i 

1713 
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In  Table  No.  6  can  be  found  the  results  of  these  formulas  compared 
Avith  the  combined  average  values  of  all  the  tests,  as  given  by  Mr. 
Christie,  and  in  Plate  XXII,  Fig.  6,  the  flat-end  experiments  of  ]Mr. 
Christie  are  shown.  Experiments  upon  angles  are  denoted  by  (r),  upon 
tees  by  a  black  dot  (.),  upon  channels  and  beams  by  (X),  and  upon 
tubes  by  (o).  The  formula  curve  has  been  drawn  full,  and  the  "straight 
line  formula  "  broken. 

It  will  be  observed  that  although  the  formula  results  vary  some- 
what from  the  average  results  of  Table  VI,  its  curve  accords  well  with 
the  actual  experiments,  if  anomalous  ones  are  omitted. 

It  will  be  also  observed  from  Table  VI  that  the  formula  agrees 
equally  well  with  experiment  in  all  three  cases  of  flat  ends,  pin  ends- 
and  round  ends. 


DISCUSSION. 


Thos.  H.  Johnson,  M.  Am.  Soc,  C.  E. — In  the  course  of  this  pajjer. 
Prof.  DuBois  has  made  frequent  reference  to  the  paper  on  "  Strength  of 
Columns,"  which  I  had  the  honor  to  present  to  the  Society  at  the  Deer 
Park  Convention,  in  1885.  In  some  instances  his  present  paper  agrees 
with  my  own,  and  in  others  it  is  at  variance.  On  page  523,  Vol.  XV, 
Transactions  of  this  Society,  I  had  shown  that  the  coefficient  in  Euler's 
equation,  to  agree  with  the  experiments,  should  be  taken  at  for  round 
ends,  7r2 ;  for  hinged  ends,  f  tt^;  for  flat  ends,  4  ^r^.  The  fractions  j 
and  f  were  obtained  by  the  purely  emi^irical  method  of  comparing,, 
one  with  another,  the  lines  obtained  from  the  plotted  experiments,  in 
the  three  forms  of  end  bearings. 

In  the  paper  now  before  us.  Professor  DuBois  has  endeavored  to 
dediTce  these  relations  by  analytical  methods,  and  has  arrived  at  the 
same  constants,  which  had  been  previously  found  by  the  other  method. 
This  conflrmation  is  gratifying,  and  would  be  more  so,  if  I  were  able 
to  follow  the  Professor's  reasoning  more  closely.  But  I  am  free  to 
confess  that  I  do  not  quite  see  how  his  equation  (4)  follows  from  the 
premises  previously  stated.  His  equation  (5)  reduces  to  ^  tt^,  only 
when  d  =  0,  which  is  to  say,  when  the  pin  is  reduced  to  a  knife-edge  : 
whereas,  the  i)lotted  experiments  show  that  the  value -of  the  constant 
applies  when  the  pins  have  the  proportions  of  ordinary  practice. 

It  seems  to  me  that,  if  the  pin  is  reduced  to  a  knife-edge,  the  fric- 
tional  resistance  will  be  eliminated,  and  the  resistance  to  flexure,  in  a 
plane  at  right  angles  to  the  pin,  will  be  the  same  as  for  round  ends. 
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Hence,  the  formula,  which  takes  cognizance  of  the  diameter  of  the  pin, 
ought  to  be  of  such  form  that  the  constant  will  become  n-  when  (/=  0. 
Whether  it  should  become  f  n-,  the  same  as  for  square  ends,  when 
d  i=  D,  as  Prof.  DtiBois  assumes,  is  not  clearly  aijjjarent.  The  square 
end  presents  a  material  obstacle  to  change  of  dii-ection  at  the  end,  in 
the  fact  that  the  diagonal  dimension  of  the  column  is  always  longer 
than  the  side,  while  a  pin  resists  such  change  of  direction  only  by  the 
friction  on  its  surface.  For  a  given  allowed  unit  strain  in  bearing,  we 
would  have  eqiial  areas  of  bearing  surface,  for  eqtaal  loads,  whether 
the  pin  were  large  or  small;  and  with  equal  loads  on  equal  surfaces 
the  amount  of  friction  Avill  be  the  same.  The  only  difference,  as  be- 
tween large  and  small  pins,  lies  in  the  fact  that  the  friction  acting  at 
the  surface  of  the  jiin  will  have  a  longer  lever  arm  in  the  case  of  the 
larger  pin.  "Whether  this  resistance  will  equal  the  square  end  resist- 
ance, when  the  diameter  of  the  pin  is  equal  to  the  side  of  the  column, 
remains  to  be  jiroven,  and  cannot  be  assumed  out  of  hand.  It  is  more 
probable  that  if  such  equality  of  resistance  occurs  at  all,  it  will  be 

found  at  some  fixed  ratio  of  rf  to  —    instead  of  a  fixed  ratio  of  d  to  D, 

r 

because  the  bending  moment,  which  calls  into  play  the  end  resistance,  is 

a  function  of  —  and  not  of  D. 
r 

The  most  notable  difference  between  Professor  DuBois'  treatment 
of  the  subject  and  my  own,  lies  in  this;  that  I  consolidated  all  the 
available  exjjeriments  into  one  group,  and  sought  a  formula  that  best 
expressed  the  average  results  of  all  the  tests,  excej^t  a  few  abnormal 
ones  ;  but  Prof.  DuBois  has  rejected  the  great  mass  of  tests,  and 
sought  an  expression  that  would  represent  only  the  few  tests  that  give 
maximum  results,  including  those  exceptional  ones  which  should  be 
rejected  as  outside  the  action  of  the  general  law,  because  of  excep- 
tional conditions.  Why  he  should  thus  exalt  the  few  and  reject  the 
many  he  fails  to  state.  On  Sheet  No.  41,  of  Vol.  XV,  355  experiments 
in  square  end  columns  are  jDlotted,  of  which  nineteen  are  outside  the 
field  of  the  formula  therein  developed.  Of  these,  thirteen  are  near  the 
IJoint  B,  and  in  Prof.  DuBois'  Fig.  5  six  are  near  his  point  D.  In 
addition  to  these,  about  twenty-one  others  give  maximum  results  at 
other  points.  According  to  the  method  followed  in  the  paper  noAV 
before  us,  Prof.  DuBois  would  have  given  undue  weight  to  the  forty 
maximum  results,  nineteen  of  which  are  accidental  and  abnormal,  and 
would  have  practically  ignored  the  remaming  315  exijeriments. 

In  order  to  more  fully  understand  the  meaning  of  these  irregular 
results  of  actual  tests,  let  us  consider  briefly  the  underlying  principles 
so  far  as  they  are  accessible. 

Euler's  equation  is  derived  from  the  equation  of  the  elastic  bne, 
and  is  based  on  the  assumption  that  the  entire  energy  of  the  imposed 
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load  is  expended  in  producing  a  bending  moment  in  the  column,  which 
is  resisted  by  the  elastic  reaction  of  the  column  considered  as  a  bent 
spring;  and  no  part  of  the  load  is  transmitted  to  the  base  by  direct 
compression.  This  equation  as  applied  to  very  long  columns  has 
been  mathematically  demonstrated;  is  sanctioned  by  such  authori- 
ties as  Weisbach,  Eankine  and  others;  is  abundantly  confirmed  by 
experiment,  and  must  be  accepted  as  fully  estabhshed  for  very  long 
columns. 

On  the  other  hand,  when  the  column  is  very  short,  it  is  equally  well 
established  that  faihire  occurs  by  direct  compression  without  flexure. 
Between  these  extremes  failure  occurs  partly  by  compression,  and  partly 
by  flexure;  the  former  predominating  in  the  shorter  length-ratios,  and 
the  latter  predominating  in  the  longer  length-ratios,  as  we  approach 
the  line  of  Euler's  curve,  when  the  direct  compression  wholly  disap- 
pears. It  may  happen  that  perfect  homogeneity  of  material  and  exact 
fitting  in  the  testing  machine  may.  prevent  flexure,  and  lead  to  results 
due  wholly  to  compression,  even  with  specimens  having  very  con- 
siderable length.  In  illustration  of  this  point,  permit  me  to  refer  to 
Transact iona,  Am.  Soc.  C.  E. ,  Vol.  XIII,  pages  96  to  111,  inclusive, 
wherein  will  be  foimd  no  less  than  seventeen  cases  in  which  Mr.  James 
Christie  reports  "  No  Failure  at  50  000  pounds."     These  cases  embrace 

five  tests  in  which  —  is  between  50  and  100;  ten  cases  with  —  between 
r  r 

100  and  200,  and  two  cases  with  this  ratio  over  200.  The  causes  lead- 
ing to  these  results  are  discussed  on  page  524  of  Vol.  XV  of  the 
TrauRadions. 

With  such  results  before  us,  it  is  evident  that  failure  by  compres- 
sion alone  without  flexure  may  be  of  frequent  occurrence  in  the  shorter 
lengths,  and  in  fact  nearly  every  group  of  tests,  of  which  the  writer 
has  knowledge,   shows  evidence  of    such  results   between  lengths  of 

-^  =  0  and  —  =  30.  But  such  results  whenever  recognized  must  be 
r  r 

regarded  as  tests  of  compression  resistance  only,  and  in  seeking  for  the 

law  governing  columns  under  mixed  strains  of  compression  and  flexure, 

such  tests  should  be  rejected  as  accidental  and  not  within  the  pale  of 

the  law   sought.     On   the   other   hand,  near   the    other   limit,   if   the 

material  has   a  low  value  of  E,   or   if  through  internal   strains,  the 

column  is  predisposed  to  flexure,  we  will  have  the  case  of  failure  by 

flexure  alone,  when  the  length-ratio  should  give  mixed  strains.     Of  this 

character  are  the  few  experiments  on  Plates  41  and  42,  Vol.  XV,  which 

lie  above  the  line  of  maximum  limit.     In  such  cases  the  result  should 

approximate  to  the  curve  of  Euler's  equation,  and  a  glance  at  the  plates 

shows  this  to  be  the  fact. 

In  dealing  with  each  group  of  experiments  separately,  the  limited 

nximber  of  experiments  gives  greater  relative  value  to  all  irregularities. 


I 
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oaiised  by  variation  in  the  jiliysical  properties  of  the  material,  inaccu- 
racies of  workmanshijj,  etc.,  and  thus  the  governing  law  may  be 
obscured.  By  combining  all  the  available  experiments  into  one  group, 
the  irregularities  of  one  group  are  balanced  by  contrary  irregularities 
of  another  group,  so  that  the  greater  the  number  of  exjieriments,  the 
greater  the  probability  of  arriving  at  the  truth.  The  method  of  dealing 
with  each  group  separately  is  apt  to  be  misleading  and  has,  in  fact, 
misled  Professor  DuBois  in  this  paper,  as  shown  by  the  fact  that, 
taking  the  six  groups  of  experiments  illustrated  by  him  in  Plate  XXII, 
Figs.  1  to  6,  it  will  be  seen  that  with  the  exception  of  Figs.  1  and  3, 
the  line  representing  my  formula  is  a  better  exponent  of  the  experi- 
ments than  that  which  he  now  proposes. 

When  Professor  DuBois,  in  the  course  of  his  article,  is  pointing  out 
iu  detail  the  specific  points  wherein  his  new  formula  differs  from  mine, 
he  might  have  added  that  my  formula  represents  the  average  of  a 
great  many  experiments;  his  a  few  only,  and  those  the  exceptional  and 
erratic  ones.  This  one  difference  is  primary  and  fundamental,  and 
covers  and  includes  all  the  others.  I  am  content  to  let  the  profession 
at  large  judge  between  us  as  to  which  has  followed  the  rational  and 
l)roper  treatment. 

The  comments  following  equation  (10)  are  misleading  and  need  some 
attention.  When  he  states  that  his  equation  differs  from  mine  in  that 
"  its  point  of  tangency  and  its  inclination  depend  on  the  actual  value 
of  u  in  any  case,"  he  leaves  the  inference  that  my  formula  did  not 
depend  on  the  known  j^hysical  properties  of  the  material.  A  reading 
of  my  original  paper  \vill  dispel  any  illusions  on  that  subject.  On  page 
524,  Tol.  XY,  of  the  Traiifiaciioiia,  attention  is  called  to  the  fact  as  a 
prime  feature  of  the  formula,  that  it  is  readily  apjalicable  to  any 
material  of  which  the  moduli  of  compression  and  elasticity  are  known. 
This  feature  is,  of  course,  broad  enough  to  cover  all  variations  in  these 
values  occurring  in  different  groujjs  of  experiments  on  the  same 
material. 

Again,  he  says  that  all  experiments  which  he  has  been  able  to  plot 
*•  show  from  B  to  D,  &  curve  similar  to  that  shown  in  Fig.  5."  This  is 
equivalent  to  saying  that  every  group  of  experiments  shows  sooae  signs 
of  internal  strains  near  D,  and  that  very  short  lengths  show  a  tendency 
to  fail  without  flexure.  The  latter  point  has  already  been  conceded, 
and  the  Professor's  diagrams  show  that  these  results  are  confined  to 

values  of  —  less   than   20.      To  better  understand  what   this  —  =  20 
r  r 

means,  it  may  be  stated  that  this  ratio  corresponds  to  a  length  of  5.8 

diameters  for  a  solid  square  and  5  diameters  for  L,  T,  and  -f  shai^es. 

It  is   needless   to   say  that   flexure   in  such  short    pieces  is  scarcely 

possible.     In  regard  to  the  point  I),  it  is  rather  straining  the  facts  to 

claim  that  his  Plate  XXII,  Figs.  2  and  6,  show  any  marked  tendency  of  the 
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tests  to  give  hio-li  results  at  that  point.  Of  tlie  plates  which  accompauv 
my  i^aper,  in  Vol.  XY,  Nos.  41  and  42,  as  already  stated,  show  high 
results  near  "Z),"  the  accidental  character  of  which  has  already  been 
discussed.  But  in  the  remaining  plates  this  feature  is  wholly  wanting, 
and  they  include  the  following  classes: 

Plate  43,  Iron — round  ends. 

Plates  44  and  45,  Mr.  Christie's  experiments  on  mild  and  hard  steel. 
respectively. 

Plates  46  and  47,  Mr.  Hodgkinson's  exi^eriments  on  cast  iron,  fiat 
and  round  ends. 

Plate  48,  oak,  flat  ends. 

It  is  to  be  regretted  that  Professor  DuBois  overlooked  siicli 
well-known  tests  as  those  of  Christie,  on  steel,  and  Hodgkinson,  on 
cast  iron  ;  especially  as  they  would  have  led  him  to  modify  his 
formula. 

He  further  objects  to  my  making  OB^  [K  of  my  formula)  less  than 
his  //,  although  he  concedes  that  it  strikes  an  average  of  the  experi- 
ments. He  says  that  it  follows  no  given  set  of  experiments.  His  own 
diagrams  refute  that  statement,  as  well  as  those  which  aecomjiany  my 
own  paper. 

Near  the  close  of  the  paper,  the  professor  naively  remarks  that  the 
"curve"  (of  his  formula)  "accords  very  well  with  the  actual  experi- 
ments, if  anomalous  ones  are  omitted.''''  (Italics  are  mine.)  In  view  of 
this  remark,  it  is  interesting  to  note  how  many  "  anomaloits'''  experi- 
ments are  to  be  found  in  Plate  XXII,  Figs.  4  and  6,  of  his  j^aper,  and  41 
and  42  of  mine. 

In  Engineering  News  of  December  22d,  1888,  and  February  23(1. 
1889,  I  took  occasion  to  point  oiat  the  error  in  Tredgold's  hypothesis, 
which  is  the  fundamental  basis  of  the  Gordon-Raukine  formulas,  and 
all  others  of  that  form.  Tredgold  assumed  that  the  imj^osed  load 
produces  a  direct  compression  equal  to  the  full  amount  of  said  load  ; 
and  that  it  produced  a  bending  moment,  also,  equal  to  the  full  amount 
due  to  said  load.  In  other  words,  that  a  given  amount  of  force  may 
develoiJ  double  the  amount  of  energy  due  to  that  force,  which  is  con- 
trary to  a  well-established  principle  in  mechanics.  It  was  also  pointed 
out  that  the  true  hypothesis  must  recognize  the  fact  that  a  given 
amount  of  force  is  capable  of  developing  only  a  definite  and  fixed 
amount  of  energy.  If  a  part  of  that  force  is  expended  in  producing 
flexure  in  the  column,  the  unexpended  residue  alone  can  be  expended 
in  producing  direct  compression.  The  accidental  results  above  re- 
ferred to  are  in  accord  with  this  hypothesis,  and  furnish  the  "excep- 
tions which  prove  the  rule";  biit  they  are  none  the  less  excei^tions,  so 
far  as  relates  to  the  law  governing  columns  under  conditions  of  mixed 
strains. 

According  to  views  expressed  in  the  discussion  of  Professor  WaddelFs 
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recent  paper,  it  would  appear  that  there  are  some  members  of  the  pro- 
fession who  still  regard  the  Gordon-Rankine  formula  as  the  only  cor- 
rect one,  and  that  the  straight-line  formula  is  a  "  fad,"  a  "  labor-saying 
approximation,"  etc.,  and  Professor  Swain  goes  considerably  out  of  his 
way  to  demonstrate  that  the  straight-line  formula  cannot  be  true. 
But  he  falls  into  the  remarkable  error  of  assuming  that  this  formula  is 
an  expression  for  the  "  fiber  strain,"  whi^h  it  is  not.  All  the  formulas 
which  haye  been  heretofore  proposed,  Uodgkinson's,  Gordon's,  Ran- 
kine's.  Cooper's  and  others,  including  the  straight-line  formula,  are 
expressions  for  the  imposed  load,  and  not  f  )r  the  fiber  strain  produced 
by  that  load.  Failure  occurs  when  the  fiber  strain  reaches  the  limit 
of  endui'ance  of  the  material.  That  limit  of  endurance  is  produced  in 
a  long  column  by  a  smaller  load  than  in  a  short  one.  These  loads 
have  been  observed  in  experimental  tests,  and  the  formulas  deduced 
therefrom  are  exj^ressions  for  the  imposed  load.  But  no  attempt  has 
been  made  as  yet  to  determine  a  formula  for  the  fiber  stress  due  to  a 
given  load.  If  such  minds  as  those  of  Professors  DuBois,  Swain,  and 
others  that  might  be  named,  would  turn  their  attention  to  elucidating 
a  formula  from  the  hypothesis  just  pointed  out,  and  can  demonstrate 
in  what  proportion  the  energy  of  the  load  is  divided  between  flexure 
and  compression  under  the  different  conditions  of  length  and  end 
bearing,  they  will  i^robably  enable  us  to  compute  the  fiber  strains,  and, 
in  addition  to  that,  ^ill  provide  us  with  the  means  of  determining  the 
proper  size  of  lacing  bars  on  open  sections,  and  the  number  of  rivets 
to  each — problems  in  practical  work  which  are,  as  yet,  without  solu- 
tion. 

Those  other  gentlemen,  whose  regard  for  the  great  name  of  the  illus- 
trious Eankine  will  not  permit  them  to  accejit  any  other  than  the  form- 
ula which  bears  his  name,  and  who  look  upon  the  straight-line  formula 
as  a  makeshift  and  a  "  fad,"  have  not  only  failed  to  study  the  evidence 
on  which  the  straight -line  formula  is  based,  but  have  no  doubt  over- 
looked that  sentence  of  Professor  Eankine's  (page  360,  Applied  Me- 
chanics), in  which  he  introduced  the  aforesaid  formula  with  the  positive 
statement  that  the  "theory  "  is  unsatisfactory,  and  the  formula  "  must 
be  regarded  as  i^rovisional  only."  It  will  be  in  order  for  these  gentle- 
men, before  further  assailing  the  later  formula,  to  show  wherein  that 
great  man  erred  when  he  wrote  that  sentence.  Did  he  not  see  and 
appreciate  the  fallacy  of  the  Tredgold  hypothesis  on  which  the  formula 
was  based? 

Henky  B.  Seaman?,  M.  Am.  Soc.  C.  E. — A  rational  formula,  based 
on  sound  theory  and  deduced  with  mathematical  accuracy  throughout, 
one  of  sufficient  simplicity  to  be  of  jDractical  value,  is  much  desired. 
By  it  we  woiild  expect  to  calculate  the  elastic  strength  of  a  column, 
with  the  same  certainty  that  we  now  calculate  the  elastic  streng-th  of  a 
girder. 
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The  most  simple  cohimu  formula  yet  devised  is  the  straight  line, 
and  with  any  of  its  numeroiis  constants,  it  agrees  fairly  well  with  the 
results  of  experiment  between  the  limits  for  which  it  is  intended.  The 
objections  to  its  use  are  that  its  application  is  limited,  and  the  adoption 
of  any  empirical  formula,  instead  of  a  rational  one,  is  to  be  deprecated. 

The  proposition  to  adopt  three  formulas,  to  serve  the  purpose 
of  one,  each  of  these  three  acting  between  limits,  and  consequently 
none  of  them  mathematically  correct,  could  hardly  be  received  with 
favor;  and  when  we  add  to  this  the  fact  of  empirical  deduction,  any 
advantage  over  formulas  already  in  use,  disappears  altogether. 

Professor  Du  Bois  proposes  the  lase  of  three  formulas,  each  between 
limits,  and  claims  for  them  rational  origin,  and  the  greatest  conformity 
with  the  resiilts  of  experiment. 

On  page  76  he  says:  "For  the  curve  from  D  to  B,  Fig.  5,  the  writer 
has,  after  much  labor  and  testing,  assumed  the  form  y  =  n  [1  —  ax  — 
bx  (1  —  &.r)"]."  The  assumption  of  this  value  of  y  is  a  purely  empirical 
procedure.  He  has  made  several  graphical  illustrations,  showing 
the  accuracy  of  his  combined  formula,  as  compared  with  the  straight 
line  and  with  the  Rankine-Gordon.  The  most  valuable  of  these  plots 
is  that  of  Christie's  experiments,  since  they  are  the  most  complete. 
He  has  plotted  here,  both  his  own  formula  and  the  straight  line,  but 
has  omitted  the  Eankine-Gordon.  If  he  will  plot  the  latter  for  long 
columns  on  this  plate,  it  will  be  found  superior  to  either  of  the 
others.  For  short  columns,  all  agree  as  well  with  experiments,  as  the 
experiments  agree  with  each  other. 

The  statement  in  the  paper  that  a  point  is  reached  where  pure 
flexure  occurs  is  erroneous.  Pure  flexure  never  occurs  in  a  column. 
The  column  may  be  so  long  that  after  deflection,  the  direct  strains  are 
slight  as  compared  with  those  due  to  flexure,  but  we  may  as  well 
ignore  the  shear  in  long  girders  as  to  neglect  the  direct  comi^ression  in 
a  column.  When  the  applied  forces  are  in  the  same  straight  line  and 
in  opposite  directions,  there  must  be  direct  resistance.  Similarly,  if 
the  coefiicients  E  for  tension  and  compression  are  the  same,  the  neutral 
axis  cannot  be  in  the  centre  of  gravity  of  the  section,  since  the  forces 
of  compression  exceed  those  of  tension  by  an  amount  equal  to  the  ap- 
plied force. 

With  these  conditions  before  us,  it  is  difficult  to  conceive  why  a 
column  should  suddenly  "spring"  from  a  condition  of  combined 
strains  to  one  of  pure  flexure,  and  if  such  a  phenomenon  has  ever 
been  observed,  it  is  probably  the  change  from  the  condition  of  direct 
compression  to  one  of  combined  strains. 

In  applying  his  formula,  the  author  has  varied  the  values  of  E  over 
50  per  cent,  and  //  varies  from  45  000  to  57  000  pounds,  or  over  25  per 
cent.  There  would  seem  to  be  enough  latitude  here  to  bring  almost 
any  desired  result. 
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A.  J.  DuBois,  Jun.  Am.  Soc.  C.  E. — The  true  curve  for  the  strength 
of  columns,  as  indicated  by  experiments,  seems  to  be  one  which  for 

large  values  of  —  coincides  closely  with  Euler's  curve,  with  the  values 

of  the  coefficient  as  given  by  Mr.  Johnson  ,ind  deduced  in  the  present 

pajDer.     For  medium  values  of  -  the  curve  becomes  approximately  a 

straight  line,  while  for  small  values  of  —  we  have  again  a  curve  running 

up  to  the  full  value  of  //  for  I  =^  0. 

No  one  has  yet  deduced  the  single  equation  which  corresponds  to 
this  law.  The  Rankine-Gordon  formula  certainly  does  not.  It  can  be 
fitted  by  a  proper  choice  of  constants,  to  a  given  group  of  experimental 

values,  generally  on  the  safe  side,  for  those  values  of  —  which   are    of 

practical  importance,  and  it  is  thus  used.  But  as  an  expression  of  the 
general  law  it  is  very  defective.  I  for  one  fully  agree  with  Mr.  John- 
son's remarks  concerning  it. 

To  Mr.  Johnson  belongs  the  credit  of  using  Euler's  curve  with 
proper  coefficients,  in  conjunction  with  a  straight  line,  and  of  show- 
ing that  the  results  thus  obtained  hold  good  over  a  greater  range.  The 
construction  certainly  seems  to  approach  nearer  to  the  true  curve. 

But  while  Mr.  Johnson  places  a  limit  to  Euler's  curve,  he  runs  his 
straight  line  through  from  this  limit  to  the  axis,  and  ignores  the  curve 

for  small  values  of  — .     The  consequence  is  that  for  Z  =  0,  he  gets  a 

result  less  than  //  ! 

Practically,  as  he  points  out,  these  small  values  are  of  little  import- 
ance.    But  if  bv  the  introduction  of  this  curve  for  small  values  of  -  we 

r 

obtain  different  limits  for  the  straight  line  and  also  a  different  straight 
line,  it  becomes  of  considerable  importance  to  consider  this  curve  for 

small  values  of  — ,  not  for  itself,  but  for  its  influence  on  the  rest  of  the 
r 

curve. 

This  is  what  I  have  attempted  to  do  in  the  jjresent  paper.  Mr. 
Johnson  uses  Euler's  curve  and  a  straight  line.  I  use  Euler's  ciu've, 
a  straight  line  and  another  curve,  and  my  straight  line  has  differ- 
ent limits  and  location.  For  /  =  0  I  obtain  //  and  not  a  result  less 
than  1.1. 

The  question  is,  have  I  a  closer  approximation  to  the  true  law  ? 

To  answer  this  question  I  have  given  diagrams  showing  the  curve 
of  my  formulas  as  compared  -vvith  experimental  results,  and  the  Ran- 
kine-Gordon and  Johnson  formulas. 

It  seems  to  me  that  these  diagrams  show  a  closer  agi-eement  for  the 
formulas  I  have  given,  while  Mr.  Johnson  claims  the  closer  agreement 
for  his  own. 
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He  claims  that  I  give  tinclue  weiglit  to  exceptional  results,  and  thus 
"  exalt  the  few  and  reject  the  many." 

I  might  reply,  that  if  results  more  in  accord  with  Mr.  Johnson's  idea 
of  the  "  average  "  are  desired,  they  can  easily  be  obtained.  If  my  object 
had  been  to  thus  fit  the  experiments,  I  could  easily  have  obtained  re- 
sults much  closer  to  the  average  than  Mr.  Johnson's,  and  over  a  greater 
range.  I  have  three  curves  to  adopt  while  he  has  but  two.  But  this 
is  not  my  object.  The  main  point  of  the  paper  is  that  there  is  no  at- 
tempt to  thus  fit  the  experiments.  The  constants  of  my  equations  and 
their  limits  are  given  by  the  physical  qualities  of  the  material  only.     I 

2 
do  not  take  —  //  in  place  of  ft,  in  order  to  get  better  average  results.     I 

o 

might  take  this  stand. 

But  my  real  reply  to  Mr.  Johnson's  point  is,  that  I  consider  maxi- 
mum results  nearer  the  truth  than  "average"  results.  I  do  not 
consider  that  I  have  given  undue  weight  to  "abnormal"  results, 
but  I  do  think  that  Mr.  Johnson  gives  undue  weight  to  "average" 
results.  I  Avill  give  my  reasons  for  so  thinking.  They  may  be 
naive,  but  they  seem  to  me  common  sense,  and  I  think  they  will  seem 
so  to  others. 

Perfect  homogeneousness  of  material  and  perfect  fitting,  in  the  test- 
ing machine,  may  result  in  an  abnormally  large  result,  even  for  a  column 
of  considerable  length,  as  Mr.  Johnson  points  out.  But  it  is  difficult 
to  secure  either  one  of  these  conditions  and  still  more  difficult  to  sectire 
them  both  simultaneously.  On  the  other  hand  lack  of  homogeneous- 
ness and  imperfect  fitting  are  much  more  common  and  result  in  an 
abnormally  small  result.  Abnormally  small  results  are  thus  much 
more  liable  to  occur  than  abnormally  high  results,  and  the  trvie  curve 
should  therefore  lie  considerably  above  the  average.  This  is  just  what 
I  obtain  from  my  formulas  without  doctoring  the  coefficients. 

Moreover,  such  abnormal  results  as  Mr.  Johnson  refers  to  are  easily 
detected.  A  reference  to  the  diagrams  will  show  such,  and  will  also 
show  that  my  curve  runs  under  them,  and  that  I  do  not  exalt  them 
nor  use  them  as  Mr.  Johnson  states. 

But  when  a  series  of  maximum  results  follows  in  regular  sequence 
and  gives  a  regular  curve  of  the  same  general  law  and  general  form  as 
the  average  curve,  without  abnormal  breaks,  I  do  not  regard  these 
maximum  results  as  "abnormal."  On  the  contrary,  I  consider  them 
as  more  correct  than  the  average,  for  the  reasons  given. 

With  this  statement,  I  refer  readers  to  the  diagrams  and  leave  them 
to  decide  between  us,  simjily  stating  that  the  high  valu.es  given  by 
my  formulas  Avhich  Mr.  Johnson  considers  a  defect,  I  consider  as 
an  indication  of  approximation  to  the  true  curve,  and  therefore  as  a 
merit. 
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DISCUSSION    ON    PAPER    No.    529.— ''THE    MAIN 
RELIEF  SEWER  OF  BROOKLYN."* 


By  WiLiiABD  Beahan,  M.  Am.  Soc.  C.  E. 


I  desire  first,  in  concluding  this  discussion,  to  make  a  few  cor- 
rections. On  the  illustration,  page  497,  the  words  "  Iron  poling  fta?*" 
should  read  "  Iron  poling  hoard. "  On  page  513  the  words  ^^fair  section 
of  tunnel"  should  read  ^'full  section  of  tunnel."  On  page  517  the 
closing  lines  of  the  first  paragTaph  were  not  intended  for  publication. 

In  reply  to  Mr.  Sears,  I  wish  to  state  that  the  method  pursued  in 
treating  the  subject  was  my  own.  The  paper  was  written  from  the 
standpoint  of  a  tunnel  foreman,  construction  rather  than  design  being 
the  central  idea,  and  the  intent  being  to  give  the  results  of  experience. 
Weisbach's  or  Kutter's  formulas  had  little  to  do  with  the  matter,  and 
Mr.  Sears'  sarcasm  in  this  connection  is  out  of  place. 

On  plate  XLIV,  the  progress  made  is  given  by  months.  The  cost 
to  the  city  has  already  been  published  in  full  elsewhere.  It  was  not 
my  intent  to  enter  upon  this  question,  and  the  criticism  on  this  point 
is  therefore  uncalled  for. 

The  same  reply  can  be  made  to  the  first  part  of  Mr.  Nichols'  dis- 
cussion. I  wish  to  say  here  that  the  shield  system  for  rapid  transit 
construction  under  Broadway  in  New  York,  was  spoken  of  by  me  with 
the  plans  of  Mr.  Worthen  in  my  mind.  This  line  is  shallow  in  depth, 
and  generally  in  drift  material. 

Mr.  Nichols  thinks  I  am  "unnecessarily  sarcastic"  towards  engi- 
neers.    It  has  been  my  experience  that  engineers  as  a  class  are  in- 

*  This  cliscussiou,  which  is  a  correctiou  and  an  additional  leply  by  the  author,  was  not 
received  in  time  for  publication  with  the  paper. 
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tolerant,  having  little  esprit  de  corps,  and  not  apt  to  give  due  credit  to 
the  practical  men  working  with  them. 

The  Hudson  River  Tunnel  is  the  jiioneer  of  tunnels  in  soft  ground 
in  this  country.  The  histories  by  Mr.  Brush  and  Mr.  McCann  are  very 
interesting  to  me.  Mr.  Brush,  however,  will  agree  with  me,  I  think, 
that  he  gave  an  unfortunate  turn  to  the  discussion.  The  whole 
question  of  priority  of  idea  and  plan  of  execution  in  no  way  concerns 
the  subject  of  my  paper,  and  was  but  incidentally  touched  upon  by 
me.  It  is  also  foreign  to  the  Transactions  of  our  Society.  As  the 
statements  made  in  the  paper  have  nevertheless  been  questioned,  I 
think  it  is  but  right  to  say  that  Mr.  Anderson  recently  told  me  that  he 
obtained  the  idea  of  the  pilot  while  sinking  cylinders  for  the  bridge  at 
Omaha,  as  a  foreman  under  T.  E.  Sickels,  M.  Am.  Soc.  C.  E. ,  Chief 
Engineer.  One  of  the  cylinders  split  in  sinking,  and  they  did  not 
think  best  to  continue  the  use  of  compressed  air.  Mr.  Sickels  devised 
the  plan  which  was  carried  into  execution,  of  building  it  downwards 
by  means  of  plates  with  inside  flanges. 

Members  who  desire  to  examine  this  subject  further  will  find  it 
treated  with  much  detail  in  Mr.  S.  V.  Burr's  work  on  the  Hudson 
River  Tunnel.  Much  information  may  be  obtained  also  from  records 
in  the  newspapers  at  the  time  of  the  tunnel  accident.  Mr.  Anderson 
has  held  a  patent  on  the  use  of  the  pilot  in  tunnel  work  for  some  ten 
years. 

Referring  to  Mr.  Button's  remarks  about  shields,  I  would  say  that 
the  shields  used  in  South  5th  Street  resembled,  I  believe,  the  Great- 
head.  The  point  I  would  make  is  that  a  shield  cannot  be  used  in  non- 
flowing  material,  and  I  regret  that  some  advocate  of  the  use  of  shields 
has  not  discussed  that  point,  as  it  excludes  shields  from  90  per  cent, 
of  all  tunnels.  If  one  man  bids  on  work  intending  to  use  shields,  and 
another  on  any  other  workable  plan,  the  latter  will  always  be  able  to 
underbid  the  former. 

As  to  Mr.  Hxitton's  contention  that  shields  are  not  "  pneumatic 
appliances,"  very  well — where  are  they  most  used  if  not  in  water  or 
flowing  silt?  They  certainly  are  not  good  pneumatic  appliances.  If, 
for  example,  in  his  work  last  year,  he  had  carried  enough  air  pressure 
in  the  Hudson  River  Tunnel  to  insure  a  dry  floor,  he  would  have  had 
some  fourteen  pounds  pressure  in  excess  of  the  water  pressure  at  the 
roof,  which,  in  the  silt  through  which  the  excavation  was  being  made, 
could  not  be  otherwise  than  very  dangerous.  True,  he  carried  less 
pressure  than  this,  but  at  the  risk  of  drowning  the  laborers  in  front  of 
the  shield  in  case  it  went  out  of  slit  into  "  cold  water." 

The  Messrs.  Pierson,  in  their  work  recently  undertaken  in  Loudon, 
are  reported  to  have  divided  the  shield  used  into  two  parts  horizontally, 
so  as  to  enable  them  to  carry  more  pressure  at  the  floor  than  at  the 
roof.  This  is  the  latest  improvement  in  shields,  and  a  useful  one  in 
avoiding  "blow-outs." 
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UNIFORM  PRACTICE  IN  PILE-DRIVING. 


By  J.  FosTEE  CeoweijI>,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION.* 

The  absence  of  anytliing  like  Tiriiformity  in  the  adaptation  of  piles 
to  foundations  and  other  sti'victures  cannot  have  failed  to  attract  the 
attention  of  many  engineers,  probably  of  all  who  have  had  occasion  to 
investigate  the  subject. 

The  diversities  of  practice  and  of  individual  views  seem  to  be  more 
marked  in  this  than  in  almost  any  other  ordinary  structural  j)roceed- 
ing,  and  there  seems  to  have  been  no  evolution,  during  the  last  twenty- 
live  years  at  least,  toward  agreement  as  to  the  essential  requirements. 
After  making  due  allowance  for  the  personal  characteristics  of  engi- 
neers who,  on  the  one  hand,  through  conservatism  or  timidity,  provide 
too  liberally,  or,  on  the  other,  through  boldness  or  over-confldence 
venture  to  the  point  of  insecurity,  it  will  be  admitted  that  there  are 
wide  variations,  even  in  what  may  be  termed  good  practice,  where  we 

*  See  page  129. 
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would  naturally  expect  conformity  to  a  standard.  This  is  the  more 
surprising  when  we  consider  that  the  general  principles  involved  are 
neither  obscure  nor  unrecognized;  it  is  in  the  practical  application  of 
the  principles,  chiefly,  that  the  differences  occur. 

The  writer  having  had  a  somewhat  wide  range  of  experience  with 
this  detail  of  construction  (embracing  pile  bridges,  trestles  and 
wharves ;  foundations  of  bridge  piers  and  abutments,  buildings  and 
machinery;  covering  cases  in  various  situations  and  soils,  including 
firm  earth,  treacherous  clays,  quicksands,  deep  swamps  and  sea  sand) 
has  often  been  impressed  with  the  practical  importance  and  economic 
value  of  securing  more  uniform  practice,  and  this  end  seems  still  to  be 
growing  more  desirable,  in  view  of  the  extensive  use  to  which  piles 
are  being  jjut  in  some  localities  for  foundations  of  colossal  and  lofty 
buildings  with  enormous  weight  concentrations,  as  well  as  in  more 
ordinary  application  generally. 

The  term  uniform  practice  in  connection  with  a  subject  so  diversified 
may  need  definition.  As  used  here  it  is  meant  to  express  consistent 
adherence  to  a  recognized  standard  in  all  cases,  and,  as  nearly  as  possi- 
ble, parity  under  similar  conditions.  With  the  desire  to  contribute,  in 
so  far  as  he  may  be  able,  to  this  object,  and  to  evoke  discussion  which 
may  be  of  permanent  efficacy,  the  author  ventures  to  offer  for  the  con- 
sideration of  his  fellow-members  a  few  simple  observations  connected 
with  a  comparison  of  different  authorities  and  formulas  in  vogue,  which 
he  recently  had  occasion  to  prepare  in  his  own  practice.  The  nature 
of  the  comparison  is  entirely  practical  and  relates  only  to  authorities 
that  are  generally  recognized  and  resorted  to. 

At  the  outset  it  may  be  well  to  bear  in  mind  that  in  order  to  discuss 
the  subject  intelligently,  we  must  keep  separate  the  extreme  sustaining 
j)ower  of  any  pile  under  a  static  load,  and  the  character  of  the  par- 
ticular use  or  stress  to  which  the  j^ile  is  to  be  subjected.  We  will  first 
consider  a  series  of  differing  values,  obtained  by  several  different 
recognized  formulas,  for  the  sustaining  power  of.  the  same  inle  under 
exactly  the  same  conditions  ;  we  will  then  examine  those  formulas  in 
detail  and  endeavor  to  select  the  most  satisfactory  one  as  a  general 
formula  for  practical  use;  and,  finally,  we  will  study  the  consistent 
application  of  the  formula  so  selected,  to  the  varying  conditions  met 
with  in  actual  practice. 

Eudolph  Hering,  M.  Am.  Soc.   C.  E.,  in  a  very  valuable   mono- 
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graph  on  Bearing  Piles,*  which  cannot  be  too  highly  recommended  as 
a  most  useful  work  of  reference,  has  collated  and  tabulated  no  fewer 
than  fourteen  different  formulas  attributed  to  ten  different  authorities, 
which  give  fourteen  different  values  for  the  extreme  sustaining  power 
of  the  same  i^ile,  driven  under  precisely  similar  conditions;  the  values 
range,  in  a  typical  case,  all  the  way  from  96  000  to  600  000  pounds, 
without  taking  into  consideration  the  further  differentiation  resulting 
from  varying  views  as  to  suitable  coefficients  of  safety,  which  run  any- 
where from  i  to  y^,  so  that  if  we  were  considering  the  working 
load  for  a  given  pile  under  extreme  conditions  we  should  find  it  by 
one  authority  to  be  4  500  pounds;  by  another,  16  000;  by  a  third,  48  000; 
by  a  fourth,  75  000;  by  a  fifth,  120  000,  and  so  on.  It  is  to  be  remarked 
that  one  of  the  most  eminent  of  the  authorities  gives  five  different 
formulas  of  varying  theoretical  exactitude,  two  others  each  give 
two  forms  to  be  used  in  separate  cases  which  in  practice  it  is  quite 
difficult,  even  for  an  expert,  to  choose  between;  while  none  of  the 
authorities  attempt,  except  in  the  most  general  way,  to  make  any 
classification  of  ajsplications,  but  leave  that  entirely  to  the  individual 
judgment,  within  very  wide  margins.  This  is  most  perplexing  to  those 
whose  need  of  a  working  formula  is  most  urgent  and,  in  connection 
T\dth  the  difficulty  of  making  a  correct  prognosis,  naturally  tends  to 
produce  the  great  dis^jarities  in  j)ractice  which  we  have  noted  and 
which  it  should  be  our  aim  to  avoid  in  order  to  attain  to  absolute 
economic  security.  The  list  of  formulas  best  known  and  which  rejore- 
sents  practically  all  the  valuable  literature  on  the  subject,  is  as 
follows: 

Weisbach in  five  forms.     Kedtenbacher. 

Sanders one  form  of  Weisbach.     Brix  and  Becker in  two  forms. 

Mason one  form  of  Weisbach.     Nystrom. 

Trautwine in  two  forms.     McAlpine. 

Eankine.  Engineering  News. 

Eondolet. 

The  diagram  (No.  1)  exhibits  the  deduced  values  of  extreme  sus- 
taining power,  and  the  ordinary  and  the  minimum  loads  recommended 
by  each  authority  in  the  case  of  a  typical  pile  driven  under  ordinary 
conditions.  The  jDurpose  of  this  diagram  is  merely  to  show  variations 
in  results. 

*  "Bearing  Piles,  by  Rudolph  Hering,  M.  Am.  Soc.  C.  E.  Engineering  News  Pub- 
lishing Co.    New  York,  1887." 
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COMPAEISON  DIAGEAM  No.  1. 

Showing  diffeking  values  by  vakious  fokmtjlas  in  the  case  of  a 
2  000-poxind  kam  failing  30  feet,  -with  set  of  .1  foot  (=  1.2 
tnches),  of  extkeme  sustaining  powek  and  pekmisseble  loads. 
600000   lbs. 


500000 


400000 


300000 


It  is  evident  from  inspection  of  Diagram  1,  tliat  the  authorities,  as 
has  already  been  stated,  differ,  not  only  as  to  safe  loads,  wherein  there 
is  reasonably  room  for  much  divergence,  but  also  to  a  very  marked  extent 
in  the  theoretical  extreme  sustaining  power.  The  "  factor  of  safety," 
too,  seems  to  be  entitled  to  the  nickname  once  bestowed  upon  its 
cousin  of  the  iron  bridge.  But  if  we  look  a  little  closer  at  the  forms 
of  the  formulas  we  shall  see  why  such  variations  occur,  and  may  pei*- 
ceive  that  if  we  had  taken  some  other  case,  with  a  different  weight  of 
hammer  and  a  different  fall,  we  should  have  obtained  another,  but  quite 
different,  set  of  variations,  and  so  for  every  assumed  case. 


jH 
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For  our  jjresent  puriDose  it  will  not  be  necessary  to  re-\-iew  the  entire 
list  of  formulas,  a  few  being  snificieut  for  illustration.  All  the  formulas 
are  based,  of  course,  upon  the  mechanical  principle  of  accumulation 
of  work,  which  may  be  stated  in  the  follomng  propositions: 

First. — The  work  accumulated  in  a  body,  whose  motion  is  accelerated 
through  any  given  sjjace  by  a  given  force,  is  equal  to  the  work  which  it 
would  be  necessary  to  do  upon  the  body,  to  cause  it  to  move  back  again 
through  the  same  space  when  acted  upon  by  the  same  force,  or  through 
a  proportionate  space,  when  acted  ui^on  by  a  different  force. 

Second. — The  resistance  offered  to  a  moving  body  in  which  work  has 
been  accumulated,  is  inversely  proportional  to  the  space  through  which 
the  body  moves  before  coming  to  a  state  of  rest,  after  the  resistance  is 
applied. 

In  the  case  of  the  pile-driver  the  accumulated  work  in  the  falling 
hammer  or  ram  is  met  by  the  resistance  of  the  pile  and  its  support,  and 
the  space  through  which  the  ram  moves  downward  after  reaching  the 
pile,  represents  inversely  the  measure  of  the  resistance.  So  far  it  is  a 
mere  question  of  dynamics,  and  if  we  could  eliminate  the  elasticity  and 
compressibility  of  hammer,  jiile  and  soil;  neglect  the  consideration 
of  their  relative  weights,  and  the  frictional  and  other  resistances  to  the 
motion  of  the  hammer;  then  the  theoretical  resistance,  or  sustaining 
power  of  the  pile  would  be  found  in  the  simple  expression: 

Weight  of  ram  X  fall 


Sustaining  power 


Space  through  which  the  hammer  moves  after 
reaching  the  pile. 


But  we  cannot,  as  a  matter  of  course,  treat  the  matter  thus  simply, 
for  it  is  in  reality  a  very  com^Dlex  case  of  impact,  wherein  the  exact 
application  of  principles  to  any  particular  case  is  well-nigh  impos- 
sible under  ordinary  working  conditions,  where  the  falling  ram  is  used; 
but  which  the  various  authorities  have  sought  to  meet  either  with 
varying  degrees  of  theoretical  minutiae,  or  by  means  of  working  factors 
sufficiently  comprehensive  to  cover  all  cases.  Some  of  the  formulas 
take  into  consideration  the  compressibility  and  weights  of  pile,  others 
neglect  one  or  both.  It  is  easy,  therefore,  to  see  that  they  must  differ. 
None  regard  the  compressibility  of  the  soil  as  a  necessary  element  in 
the  calculation,  nor  introduce  specific  factors  of  mechanical  friction 
and  air  resistances  as  api^lied  to  the  falling  ram.  The  proper  weight- 
ratio  of  pile  and  hammer  to  secure  the  best  results  has  received  theo- 
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retical  consideration,  but  as  it  would  be  extremely  inconvenient  and 
in  fact  impracticable  to  select  piles  of  definite  weight,  it  is  rightly  re- 
garded as  a  matter  to  be  considered  generally.  The  ram  should  always 
be  at  least  as  heavy  as  the  pile;  generally  in  practice  it  is  from  25  to 
200  per  cent,  heavier  than  piles  which  may  be  used  in  the  same  work. 

It  is  evident  further  that,  however  interesting  and  involved  the  theo- 
retical study  of  this  question  may  be,  a  working  formula  should  contain 
only  those  essential  factors  which  can  be  readily  obtained  with  reason- 
able correctness  in  the  case  of  any  j^ile,  and  it  is  not  worth  while  nor  sen- 
sible to  waste  time  in  refining  a  result  beyond  the  refinement  of  the 
data.  The  frictional  and  air  resistances  can,  however,  be  experimentally 
rated  by  chronographic  methods  once  for  all  in  the  case  of  any  par- 
ticular machine,  if  that  refinement  be  desirable,  and  expressed  as  a  de- 
crement for  the  actiial  fall.  The  Trautwine  formula,  which  is  proba- 
bly used  more  extensively  than  any  other  in  this  country,  takes  no 
account  of  compressibility,  weight  of  pile,  or  directly  of  frictional 
resistance  to  fall  of  ram,  but  considers  the  work  done  by  the  ram  to 
vary  as  the  cube  root  of  the  fall.  While  there  is  jtistification  for  this 
assumption  in  dealing  with  average  falls,  based  upon  increased  air 
resistance  and  greater  impact  losses,  yet  the  allowance  would  appear 
to  be  too  great,  giving  too  low  values  for  the  higher  falls,  and  excessive 
results  for  very  low  ones. 

In  most  situations  it  is  necessary  to  treat  piles  individually  in  order 
that  all  in  any  group  may  be  given  the  same  measure  of  stability  under 
varying  conditions  observed  in  driving,  so  that  it  is  essential  to  apj^ly 
the  formula  to  every  pile.  On  this  account  the  form  of  a  working 
formula  is  a  matter  of  great  importance,  and  to  insure  rapid  and  cor- 
rect results  it  must  be  a  simple  expression  involving  only  such  data  as 
can  be  quickly  and  correctly  obtained  for  each  j)ile,  and  requiring  the 
minimum  of  computation  for  instantaneous  application. 

The  only  data  that  can  be  readily  obtained  are  the  weight  [w)  and  the 
fall  {h)  of  ram,  and  the  iienetration  (.«.).  The  weight  of  the  pile  and  its 
compressibility  cannot  be  conveniently  determined,  and  are  so  modi- 
fied often  by  considerations  of  specific  gravity  and  resilience  that  they 
would  be  of  no  practical  account.  In  addition  to  that  any  "broom- 
ing" of  the  pile-head  acts  as  a  cushion,  to  an  extent  which  completely 
discounts  the  theoretical  natural  compressibility.  The  consideration 
of  brooming,  like  other  mechanical  questions  which  present  themselves 
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in  connection  -with  the  art  of  pile-dmdng,  does  not  properly  come 
within  the  scoj^e  of  this  jjaper.  A  very  instructive  and  precise  record 
of  the  enormous  cushioning  effects  due  to  this  cause,  as  observed 
in  a  number  of  piles  driven  by  a  Nasmyth  steam  hammer,  is  contained 
in  a  very  valuable  paper  on  steam  pile-driving,  by  D.  J.  Whittemore, 
Past  President  Am.  Soc.  C.  E.* 

If  the  proposition  be  accepted  that  we  may  profitably  discard  all 
working  formulas,  excepting  those  that  involve  only  correct  and  acces- 
sible data,  we  may  select  from  the  foregoing  list  for  further  compari- 
son the  three  following  typical  forms,  rejecting  the  others  as  being 
either  unnecessarily  refined  and  unsuitable,  or  inconveniently  cum- 
brous.    In  all  three  the  notation  is  as  follows  : 

to  =  weight  of  ram  in  j^ounds.  h  =  height  of  fall  in  feet,  s  =  pene- 
tration under  last  blow,  in  inches.     F=  working  factor. 


1.  Weisbach. 
Load  in  pounds. 
wh  X  12 


F=itoi 

2.  Trautwine. 
Load  in  tons. 


L=F 


V  h     X  10  .023 
s  +  1 


3.  Engineering  I^eios.      f 
Load  in  pounds. 

^  =  ^     .  +  (0  =  1) 

jP  =  unity. 


The  form  of  Weisbach,  wherein  compressi- 
bility and  weight  of  pile  and  elasticity  of 
ram  are  neglected ;  this  is  usually  known  in 
America  as  Sanders'. 

The  form  of  Trautwine,  wherein  the  ^^].e  is 
assumed  to  "sink  aj^preciably,  say,  a  few 
inches,"  under  the  last  blow.  In  the  later 
editions  of  this  authority,  the  other  form,  for 
smaller  penetrations,  has  been  drojiped  and 
this  is  made  general.  See  "  Trautwine's 
Engineer's  Pocket  Book,"  1889. 

This  name  has  been  given  to  this  form  to 
distinguish  it,  the  name  of  its  originator  not 
being  known  to  the  author;  it  first  appeared 
in  the  Engineering  ITews. 


It  will  be  noted  that  Nos.  1  and  3  are  alike  in  the  respect  that  each 
gives  similar  results  for  equal  ram-energies,  expressed  in  foot-pounds, 
irresi^ective  of  the  fall,  whereas  No.  2  introduces  a  theoretically  illogical 
variation  in  this  product,  which,  together  with  the  practical  inconve- 
nience of  using  the  cube  root  in  rapid  application,  without  any  gain  in 


*  The  Nasmyth  PUe-Driver.     Transactions,  Vol.  XII,  page  441.    1880. 
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accuracy,  would  give  jji-eference,  as  far  as  form  alone  goes,  to  either 
No.  1  or  No.  3  as  a  working  formula. 

In  order  to  comjiare  readily  the  results  obtained  under  a  variety 
of  conditions.  Diagram  No.  2  has  been  prepared,  exhibiting  the  re- 
spective values  of  safe  static  loads  as  given  by  the  three  formulas,  in 
four  cases  of  varying  height  of  fall,  with  penetrations  ranging  from 
one-quarter  inch  to  3  inches  under  constant  weight  of  ram.  Were  it 
not  for  the  presence  of  the  ciibe  root  in  the  Trautwine  formiila,  one 
case  instead  of  four  would  have  been  sufficient  for  comparing  the 
three  formulas.  It  is  interesting  to  trace  the  effect  of  this  factor 
through  the  successive  plottings  and  to  note  that  it  is  by  no  means 
inconsiderable,  even  within  the  comparatively  limited  range  of  fall. 

The  distinctive  curves  are  plotted  to  abscissas  of  penetration  in 
inches  (values  of  s)  and  ordinates  of  working  loads  (values  of  L).  As 
the  Trautwine  formula  in  its  earlier  form  contained  a  somewhat  higher 
coefficient  and  a  maximum  factor  of  one-half  instead  of  one-third,  two 
Trautwine  curves  are  necessary  to  make  the  comparison  comprehen- 
sive, the  more  modern  form  giving  the  lower  values.  In  order  to  show 
graphically  .the  effect  of  the  constant  "c"  in  the  Engineering  I^ews 
formula  and  to  j^repare  for  reference  further  on  to  a  suggested  modifi- 
cation of  this  formula,  the  curve,  shown  by  the  full  line  of  the  equation 

y         10  X  2k 

■^  =  ~r~i TT^  li^s  been  introduced.     In  the  Weisbach-Sanders  for- 

mula  F  is  taken  at  one-eighth,  and  in  all  four  cases  re  is  taken  at  2  000 
pounds,  h  being  15,  20,  25  and  30  feet  respectively.  "Values  of  L  are 
given  in  pounds,  to  the  nearest  thousand. 

It  is  hardly  necessary  to  mention  that  these  curves  are  merely  graphic 
representations  having  no  generic  value.  But  their  comparison  is 
instructive  and  we  are  struck  by  two  practical  considerations:  first, 
that  where  the  values  of  s  are  from  one-half  inch  to  1  inch  there  is  a 
closer  approach  to  uniformity  in  the  formulas  than  when  s  is  either 
greater  or  less;  second,  the  Engineering  Hews'  functions  with  constant 
(c  =  1)  give  values  more  and  more  conservative,  comparatively,  as  the 
values  of  s  become  smaller,  whereas  the  curve  with  c  taken  at  0.3,  while 
growing  conservative  as  .s  becomes  greater,  maintains  more  nearly  an 
average  of  the  other  two  where  s  is  smaller.  The  first  observation  im- 
plies that  the  experiments  preceding  the  adoption  of  all  three  formulas 
were  conducted  within  a  comparatively  narrow  range  of  falls;  while 
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the  second  points  to  the  use  of  the  lower  value  of  c  as  being  more 
logical,  for  it  will  be  admitted  that,  other  things  being  the  same, 
the  smaller  the  penetration,  the  greater  the  expectation  of  stability  of 
the  support  to  the  pile,  as  well  as  the  initial  sustaining  power  of  the 
pile  itself.  Proceeding  a  step  further  we  find  that  the  c  curves  con- 
verge in  the  direction  of  greater  j^enetration,  but  preserve  their  con- 
servative quality;  whereas,  in  the  ojiposite  direction  the  Sanders  curve 
gradually  passes  entirely  out  of  the  field  of  practicability.  The  con- 
clusion seems  to  be  warranted,  therefore,  that  with  a  suitable  value  for 
c,  the  Engineering  2^'ews'  formula  is  more  reliable  and  rather  more 
convenient  in  jDractical  use  than  Trautwine's,  and  equally  as  convenient 
and  more  conservative  than  the  Weisbach-SanderS'.  It  is  to  be  borne 
in  mind  that  within  the  range  of  moderate  penetration  (2  inches  or 
less)  ample  experience  has  demonstrated  that  for  ordinary  conditions 
any  one  of  the  three  gives  safe  results. 

In  the  discussion  of  the  third  division  of  our  subject,  the  consistent 
application  of  the  formula  to  varying  conditions,  the  value  of  c  will  be 
considered. 

2  vjh 
We  have  seen  that  the  form  of  formula  No.  3,  Z  =  — ■ —  is  the  sim- 

s  -\-  c 

plest,  and  that  its  results  are  reliable  and  conservative.  If,  then,  it  is 
found  to  be  api^licable  to  all  cases  without  change  of  form,  and,  in 
addition,  to  be  readily  adaptable  to  classification,  it  will  be  suitable 
as  a  basis  of  uniform  practice  and  also  as  a  means  hereafter  of  increas- 
ing our  jaractical  knowledge  of  the  efficiency  of  bearing  i^iles,  by  accu- 
mulating comparable  results.  The  writer  offers,  as  the  only  feature  in 
this  paper  for  which  originality  is  claimed,  a  development  of  the  for- 
mula which  lends  itself  in  a  very  elastic  and  consistent  manner  to  the 
desired  end.  It  consists  simply  in  making  c  a  tangible  variable  for 
natural  conditions,  and  a  selective  variable  within  limits  according  to 
the  requirements  of  the  case.  In  order  to  make  this  perfectly  clear  we 
should  consider  that  there  are  three  general  cases  in  which  modifica- 
tion may  be  necessary: 

1.  Where  the  load  is  static  and  known,  but  the  natural  suppoi-t  for 
the  piles  is  insecure  or  doubtful. 

2.  Where  the  sujDport  is  reliable,  but  the  load  is  dynamic. 

3.  Where  the  support  is  not  reliable  and  the  load  is  dynamic. 

In  the  first  case,  the  variation  can  generally,  though  not  always,  be 
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gauged  by  the  resistance  of  the  material  into  which  the  pile  is  driven, 
under  "nhat  may  be  termed  a  standard  blow.  The  writer  considers  that 
a  2  000-pound  ram  falling  20  feet,  or  an  equivalent  product  of  40  000 
foot-pounds  on  a  12-inch  pile,  constitutes  a  convenient  standard  for 
this  purpose,  and  when  the  standard  blow,  or  a  series  of  such  blows, 
is  delivered  on  any  jjile,  the  obsei"ved  penetration  should  in  a  majority 
of  eases  afford  a  tangible  measure  of  the  security  of  the  stratum.  If, 
then,  we  substitute  for  the  constant  value  of  c  a  series  of  values  based 
on  the  above  considerations,  we  can  readily  determine  with  jjractical 
correctness  how  to  deal  with  pile-beds  of  various  degrees  of  firmness. 

The  rule  adopted  by  the  author  is  to  make  c  (for  static  loads) 
=  .  1 -j- «.  wherein  .  1  is  an  arbitrary  constant,  introduced  to  prevent 
exaggerated  values  of  L  A^ith  very  small  values  of  s,  and  n  is  made 
equal  in  the  case  of  each  pile  to  half  the  square  root  of  the  maximum 
penetration  of  the  pile  under  a  blow  of  40  000  foot-pounds  or  more. 

Table  No.  1  on  page  110  gives  corresponding  values  of  n  for  different 
penetrations,  and  shows  that  within  the  extremes  of  penetration  of 
about  one-sixth  of  an  inch  to  3  inches  under  the  standard  blow 
the  values  of  c  vary  from  .3  to  1,  these  being  the  values  for  the  two 
curves  of  this  formula  in  Diagi-am  2,  which  we  have  considered. 

In  the  second  case  the  selective  variable  should  be  used,  and  here 
the  engineer  must  be  guided  by  his  experience,  or  the  exjaerience  of 
others,  as  to  the  value  of  w'  to  be  selected  ;  this  will  be  further  con- 
sidered. 

In  the  third  case  both  the  tangible  and  selective  variables  of  n  and 
n'  must  be  introduced. 

The  extreme  case  in  which  this  formula  should  be  used  under  the 
most  favorable  circumstances,  is  for  a  penetration  of  one-eighth  of  an 
inch,  as  it  is  difficult  to  measure  smaller  penetrations  with  sufficient 
accuracy.     The  maximum  value  of  L,  therefore,  (using  c  =  .  275,  as  given 

2  ii'Ti 
in  the  table)  for  s  =  0  4-  would  be  i  =       „.    =  7.3  ich,  which  as  h  is 

12 
expressed  in  feet  and  s  in  inches,  gives  a  working  factor  still  of 


7.3 

=  1.7.  But  we  should  attach  little  value  to  small  sets,  which  must 
always  be  viewed  with  suspicion,  and  often,  moreover,  indicate  results 
beyond  the  crushing  strength  of  the  pile. 
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TABLE  No.  1. 
A  General  Pile-Driving  Forimula. 


Fjr  Staiic  Loads  : 

L  =  the  workins-  load  = 


2  roll 


is  weifflit  of  ram;  h  is  vir- 


s  -\-  .1  -\-  n 

tual^f all  in  feet ;  s  is  set  in  inches  under  last  blow. 
For  Dynamic  or  Vihralory  Loads  : 

2wh 

s  -f-  .1  +  '^  +  ^'' 
71  is  a  function  of  the  observed  penetration,  s',  in  inches,  under  a 

standard  blow  of  40  000  foot  pounds  =  —^  • 

n'  is  an  arbitrary  variable  which  is  dependent  upon  the  character 
of  the  pile  duty. 


Values  of  n. 

Values  of  n'  according  to  duty  classification. 

s' . 

II 
8 

»'. 

Classification. 

}  inches. 

.175 

.1 

Large  buildings  to  contain  light  machinery  in  motion. 

i      •' 

.250 

.2 

Long  span  bridge  abutments  for  railways. 

i      " 

.3.i4 

.3 

"    highways. 

.433 

.4 

Buildings  to  contain  heavy  machinery  in  motion. 

1 

.500 

.45 

Short  ppan  bridge  abutmeuts  and  trestles  for  railways. 

1|      •• 

.5.59 

.5 

"         "         "             "           for  highways. 

H      " 

.013 

.55 

Buildinas  subject  to  extraneous  vibration. 

if      " 

.662 

.6 

Foundatious  for  machinery. 

2 

.707 

.7 

Elevator  towers  in  ordinary  cases. 

2i       .. 

.750 

.75 

Bridge  piers  exposed  to  current  vibration. 

2*      " 

.791 

.8 

Light  houses  ex oosed  to  ordinary  wave  action. 

2i       « 

.830 

.9 

Foundations  for  turn-tables. 

3         " 

.866 

.95 

"             "    pivot  bridges. 

3\       " 

.900 

1. 

Chimney  stacks  exposed  to  winds. 

Si       " 

.936 

3i       •' 

.965 

i 

1. 

This  table  applies  solelv  to  bearing  piles;  the  results  are  to  be  taken  only  when  found 
not  to  exceed  safety  as  against  fiber-crushing,  or  as  against  buckling  in  cases  wherein  the 
pile  acts,  wholly  or  in  part,  as  a  column. 

In  this  consideration  the  author  has  purposely  confined  himself  to 
piles  proper  and  has  not  extended  it  to  pillars  or  columns,  which  they 
sometimes  become  when  driven  through  a  soft  stratum  to  an  unyield- 
ing bottom,  or  into  a  denser  lower  stratum.  In  all  such  cases  great 
care  and  discrimination  is  necessary  as  to  what  extent  results  given 
by  the  j^ile  formulas  can  be  used,  and  also  as  to  the  limitation  of 
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driving.  These  formulas  are  only  for  determining  the  efficiency  of 
piles  to  distribute,  throughout  the  stratum,  loads  which  its  surface 
cannot  sustain.  It  is  quite  possible  to  overload  the  stratum  by  driving 
piles  too  thickly;  it  is  sometimes  thought  that  if  three  piles,  for  in- 
stance, are  good  in  a  certain  area,  six  will  "make  assurance  doubly 
sure  "  ;  this  policy  is  not  only  costly  and  foolish,  but  in  many  cases  it 
is  dangerous.  A  certain  public  building  in  New  Orleans,  of  which  the 
author  has  heard,  stands  on  an  enormous  number  of  square  piles  driven 
so  as  to  touch  one  another;  in  other  words,  there  is  a  solid  wall  of 
wood,  and  instead  of  each  pile  having  four  surfaces  in  contact  with  the 
sustaining  stratum,  only  the  outer  rows  have  contact,  and  they  but  on 
two  surfaces ;  there  are,  therefore,  from  four  to  six  times  too  many 
piles  used  and  the  support  is  still  much  less  than  could  have  been 
obtained. 

There  seems  to  be  objection  in  many  quarters  to  piles  for  founda- 
tions of  buildings,  which  is  not  warranted  in  the  light  of  their  record 
in  engineering  structures,  and  which  greater  care  and  closer  economy 
in  their  use  should  dispel.  As  a  rule,  in  the  author's  judgment,  their 
sustaining  powers  are  greatly  underrated,  and  too  much  importance 
is  attached  to  small  "sets."  He  has  before  him  the  specifications 
for  a  large  structure  to  rest  on  piles,  which  require  that  "all  piles 
shall  be  driven  to  a  half-inch  set  from  a  2  500-pound  hammer  falling 
25  feet,"  and  the  plans  are  drawn  with  the  idea  that  that  degree  of 
firmness  in  each  pile  can  and  will  be  secured.  Possibly  experimental 
driving  has  already  determined  that  the  expected  conditions  will  be 
found,  but  it  is  more  than  likely  that  in  driving  the  piles,  either  con- 
siderable latitude  will  be  taken  or  an  excess  of  length  of  piles  will 
be  used.  Sometimes  in  the  search  for  firm  bottom,  successive  tiers  of 
piles  have  been  driven,  one  presumably  on  top  of  the  other,  to  great 
depths;  whereas,  if  an  equal  number  of  iDiles,  or,  better  still,  if  a  smaller 
number,  but  of  larger  diameter,  had  been  driven  in  one  tier,  much 
greater  actual  stability  would  have  been  secured  with  greater  economy. 

The  Selective  Values  for  n  . — We  have  seen  how  the  relative  reliability 

of  a  stratum  can  be  introduced  into  the  working  formula,  and  how, 

if  desired,  the  virtual  height  of  fall  of  ram,   to  eliminate  frictional 

and  air  resistances,  can  be  determined.     So  that  for  static  loads  we  can 

2  o-li 
with  the  formula  L  =        ^  ^   , —  readily  obtain  consistent  results. 
s-t-O.l  +  n  -^ 
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It  now  remains  to  consider  what  is  the  nature  of  the  selective  pro- 
cess by  which  individual  engineers  can  judiciously  apply  the  formula 
to  dynamic  loads  in  the  great  variety  of  conditions  likely  to  arise,  in 
order,  first,  that  actual  security  can  be  attained  economically;  and, 
secondly,  that  the  results  may  harmonize  and  be  comparable.  As 
n  increases,  L  decreases,  and  if  we  can  construct  some  convenient  arbi- 
trary scale  of  increments,  n' ,  and  grouj)  ujion  it  the  different  kinds  of 
service  to  which  jjiles  may  be  put,  we  shall  approximate  very  closely 
to  the  requirements  in  any  particular  case.  Owing  to  the  fact  that  few 
records  of  actual  performances  of  piles  under  varying  conditions  are  at 
present  available  it  would  be  impossible  to  make  the  scale  exact,  even 
if  it  were  theoretically  desirable  to  do  so,  but  the  extreme  cases  can  be 
referred  to  a  conservative  basis,  and  a  reasonably  accurate  subdivision 
be  made.  Such  a  scale  of  increments,  7i',  to  be  added  to  values  of  n  pre- 
viously determined  for  static  loads,  according  to  exigency,  is  given  in 
the  table.  Exception  may,  perhaps,  be  taken  to  the  order  of  arrange- 
ment of  the  groups,  which  is  here  offered  as  an  illustration  of  its  appli- 
cation, and  which  is  further  exemplified  by  the  working  out  of  two 
typical  cases  a  and  b.  We  will  assume,  in  both,  the  values  «>  =  2  000; 
^  =  30  feet;  s  =  i  inch.  For  the  case  a  we  assume  s'  the  penetration 
Tinder  the  standard  blow  to  have  been  one-half  inch,  indicating  a  reliable 
footing,  while  in  case  6,  s'  :=4  inches;  supplying,  from  the  table,  the 
appropriate  values  of  n  and«'  we  obtain  working  loads  as  follows: 

TABLE  No.  2. 


rasp  a  Workiug        „        ,  Working 

^^^^  °-  lactor.f        ^*^®  "•  factor.* 

Static  load 125  940  lbs.      A      75  000  lbs.       -^ 

Largebuilding,  light  machinery.  113  960    "         -^      70  588    "        -^^ 
Chimney  stack 61444    "         2^      46  154    "        -^ 

By  the  Engiueering  News  formula,  unmodified*  the  working  load 

1 1   1       .1                  ,x.          ^       ,      ■        T         2  X  2  000  X  30       „_  „ _ „ 
would  be  the   same  throughout,  viz. :  L  =  r~r^ ~  °^  "^" 

pounds. 

It  is,  of  course,  to  be  understood  that  the  chimney  stack  foundation 

is  assumed  in  the  premises  to  be  properly  designed  to  meet  conditions 

*  The  working  factors  are  deduced,  not  determined. 
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CO^IPARISON  DIAGRAM  No.  3. 

ShO'S\1NG   the   effect   of   the   substitution  of  (.1  +  H  -f-  7l')  FOE  (c  =  1) 

IN  the  Engineering  News  FokmutjA. 


n'    O  .1   .2  .3  .4  .5  .G   .7  .8  .9    1. 

Note. — The  case  is  of  a  2  OOO-pound  ram  falling  30  feet  and  giving  a 

set  of  1  inch  ;  the  horizontal  line  represents  the  working  load  by  the 

2  wh 

formula  L  =  ^  while  the  curved  lines  give  working  loads  for  vari- 

s  +  1 

ous  classes  of  service  deduced  from  application  of  Table  No.  1 ;  each 
curve  indicates  a  j)articnlar  value  of  n  belonging  to  an  observed  pene- 
tration (.s')  under  standard  blow  of  40  000  nominal  foot-pounds ;  for 
values  of  .s'  greater  than  3^  inches  the  niodilication  gives  smaller  loads, 
for  all  classes  of  service,  than  the  j)arent  formula. 
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of  unequal  loading  due  to  wind  pressure;  the  additional  security  given 
by  the  table  is  against  wind  vibration. 

While  there  are,  joresumably,  cases  of  unusual  importance  or  diffi- 
culty arising  in  general  practice,  which  woiild  call  for  greater  incre- 
ments of  n  and  n'  than  Table  No.  1  affords,  yet  it  is  believed  that  for 
usual  conditions  it  will  be  found  entirely  suitable  and  consistent  with 
security  and  economy.  The  use  of  larger  (or  smaller)  values  of  n 
and  n'  would,  if  analogous,  extend  the  ca^jacity  of  the  formula  without 
impairing  its  usefulness,  and  while  the  selection  of  n'  must  be  made  to 
fit  each  case,  it  would  be  a  great  advantage  to  the  engineer  to  be  able 
ta  select  it  from  comparable  quantities,  and  by  precedent  rather  than 
through  the  exercise  of  his  emotions. 

It  is  to  be  regretted  that  our  members  in  describing  the  structures 
they  build  say  so  little  about  foundations,  and  it  is  hoped  that  in  the 
discussion  which  this  paper  may  call  out,  practical  examples  will  be 
given,  taken  from  actual  experience  of  the  behavior  of  piles  in  service, 
under  loads  of  various  character,  in  connection  with  the  rules  by  which 
they  were  driven.  Such  a  list  would  be  of  great  value,  esj^ecially  if 
embracing  settlements  and  failures  as  well  as  satisfactory  performances. 
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THE  IRON  WHARF  AT  FORT  MONROE,  VA. 


By  John  B.  Duncklee,  M.  Am.  Soc.  C.  E. 


WITH   DISCUSSION.* 

General  Descriptioti. — The  iron  wharf  at  Fort  Monroe,  Va.,  was  built 
in  1888-89,  in  accordance  with  the  provisions  of  Acts  of  Congress 
approved  August  4th,  1886,  and  August  10th,  1888.  The  wharf  is  located 
on  the  site  of  an  old  wooden  wharf  formerly  known  as  the  "  Baltimore 
Wharf,"  and  at  the  terminus  of  the  roadway  passing  in  front  of  the 
Hygeia  Hotel.  The  general  plan  of  the  wharf  is  shown  on  Plate  XXII, 
Fig.  1.  It  is  built  on  hollow  cylindrical  cast-iron  disc  and  screw  piles 
(the  latter  having  wooden  bearing  25iles),  spaced  14  feet  apart  from 
center  to  center  in  each  direction,  and  braced  by  two  systems  of  hori- 
zontal bracing  of  steel  and  wrought  iron.  The  floor  beams,  resting  on 
the  piles,  are  steel  I-beams,  and  the  floor  joist  and  planking  are  of  pine 
lumber.  A  fender  system  of  wooden  piles  and  lumber  surrounds  the 
outer  faces  of  the  wharf.  The  .floor  of  the  wharf  is  7  feet  11  inches 
above  low  tide.     Its  area  is  about  63  500  square  feet. 

The  wharf  extends  from  the  shore  in  a  southerly  direction  to  a  depth 
of  20  feet  at  Ioav  tide  on  the  edge  of  the  channel  of  Hampton  Roads. 
The  extreme  length  of  the  wharf  from  the  shore  to  the  southerly  face 

*  See  page  129. 
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is  332  feet.  The  width  at  the  shore  and  for  a  distance  of  42  feet  out 
from  the  shore  is  56  feet,  increasing  to  258  feet  at  a  distance  of  154  feet 
from  the  shore.  The  outer  corners  are  cut  off  diagonally,  as  shown  on 
the  plan,  so  that  the  width  along  the  south  or  channel  front  is  154 
feet.  These  diagonals  have  a  frontage  of  59  feet.  The  corners  were 
planned  in  this  manner  at  the  request  of  the  captains  of  all  the  steam- 
boats stopping  at  Fort  Monroe,  in  order  to  facilitate  the  landing  of 
boats  during  adverse  conditions  of  the  wind  and  tide.  It  not  infre- 
quently happens  that  the  tidal  ciirrents  in  the  channel  and  near  the 
shore  are  running  in  opposite  directions,  while  the  sub-surface  currents 
are  sometimes  contrary  to  those  at  the  surface.  The  wharf  is  exposed 
to  northeasterly  storms,  and  all  of  these  conditions  combined  often 
make  the  landing  extremely  diflBcult.  The  bottom  of  the  bay  at  this 
point  is  sand,  which  is  not  moved  by  the  ordinary  tidal  currents,  but 
which  shifts  under  the  action  of  severe  easterly  storms,  so  that  varia- 
tions of  depth  of  from  1  to  2  feet  resulting  from  such  storms  are  not 
unusual. 

Cast-Iron  Piles. — It  was  at  first  proposed  to  build  the  wharf  on 
wrought-iron  piles  with  cast-iron  discs,  similar  to  those  used  in  the 
construction  of  the  Coney  Island  and  other  ocean  piers  along  the  coast. 
Upon  making  borings  at  the  site,  however,  it  was  found  that  near  the 
outer  limit  of  the  wharf  area,  in  dejjths  of  20  feet  at  low  tide,  the  stratum 
of  sand  was  but  6  feet  in  thickness,  while  below  this,  mud  was  found  to 
a  depth  of  50  feet  or  more  below  low  tide.  While  the  thickness  of  the 
stratum  of  sand  gradually  increases  as  the  water  shoals,  it  was  not  re- 
garded as  affording  a  sufficient  or  safe  bearing  for  disc  piles,  outside 
the  10-foot  curve,  particularly  in  view  of  the  mud  beneath  and  the 
shifting  bottom  above. 

It  was  therefore  decided  to  use  in  depths  of  more  than  10  feet  a 
hollow  screw  pile  resting  on  and  encasing  a  wooden  bearing  pile,  pre- 
viously driven  and  cut  off  from  3  to  4  feet  above  the  bottom.  Owing 
to  the  required  shape  of  the  iron  piles  the  use  of  wrought  iron  was  im- 
practicable, and  cast  iron  was  therefore  adopted  as  the  material  of  con- 
struction. In  depths  of  10  feet  or  less  a  cast-iron  disc  pile  was  used. 
The  cast  iron  was  a  close-grained,  hard,  white  metal,  intended  to  be 
without  uncombined  carbon,  and  of  a  character  which  would  best  resist 
the  action  of  salt  water,  not  excessively  brittle,  and  which  would  satis- 
factorily bear  drilling.     All  castings  were  coated  inside  and  outside 
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■with  coal  pitch  and  oil,  according  to  Dr.  Smith's  process  as  used  for 
water  inpe. 

Disc  Piles. — The  disc  piles  are  hollow  cylinders  of  cast  iron,  with  an 
inside  diameter  of  8  inches,  and  an  outside  diameter  of  10  inches,  the 
iron  being  1  inch  in  thickness.  The  form  and  dimensions  of  the  pile 
are  shown  on  Plate  XXH,  Figs.  2,  9,  10  and  11.  At  the  foot  of  each 
pile  is  a  disc  3  feet  in  diameter  and  1.5  inches  in  thickness,  cast  with 
and  forming  a  part  of  the  pile,  the  distribution  of  weight  from  the  pile 
to  the  disc  being  secured  by  means  of  eight  brackets  or  ribs,  1  inch  in 
thickness,  as  shoM-n  on  the  drawing.  The  disc  or  base  of  the  pile  is 
provided  with  a  2-inch  nozzle,  as  shown  for  the  water-jet,  the  nozzle 
being  cast  with  four  1-inch  ribs  bracing  it  to  the  under  side  of  the  disc. 
At  the  toi^  of  the  pile  is  a  cu'cular  flange  or  cap  2  feet  in  diameter  and 
1.5  inches  in  thickness,  cast  with  four  ribs  or  brackets  1.5  inches  thick 
on  the  under  side  as  shown  on  Plate  XXH,  Fig.  2,  and  Plate  XXIII, 
Figs.  14,  15,  16  and  17.  The  thickness  of  the  iron  of  the  pile  is  made 
1.5  inches  for  a  distance  of  12  inches  below  this  top  flange  or  cap. 
To  this  cap  the  floor  beams  are  secured  and  also  the  upper  bracing  as 
hereafter  described.  Piles  intended  for  depths  of  from  7  to  10  feet, 
and  which,  if  cast  in  one  piece,  would  exceed  20  feet  in  length,  were 
cast  in  tY>'o  sections  with  flanges  20  inches  in  exterior  diameter  and  1.5 
inches  thick  at  the  jDoint  of  junction.  Each  flange  has  a  circular  open- 
ing through  the  center,  8  inches  in  diameter  (this  being  a  continuation 
of  the  inner  surface  of  the  pile  cylinder)  and  is  provided  with  eight 
brackets  1-inch  in  thickness,  as  shown  on  Plate  XXII,  Figs.  7  and  8. 
Bolt  holes  were  drilled  through  the  flanges  as  there  shown.  The  abut- 
ting surfaces  of  the  flanges  were  planed  and  the  two  sections  bolted 
together  with  wrought-iron  bolts,  a  sufiicient  quantity  of  red  lead  being 
used  to  make  a  tight  joint.  Eight  Ij-inch  bolts  were  used  in  bolting 
the  sections  together,  except  where  lower  bracing  was  attached,  in  which 
case  four  Ij-inch  bolts  and  eight  1-inch  bolts  were  used  as  indicated 
in  Plate  XXn,  Fig.  7. 

In  the  center  of  the  top  flange  or  cap  of  each  two-section  disc  pile 
there  is  a  circular  opening  4  inches  in  diameter.  In  the  one-section 
disc  piles  this  opening  is  made  8  inches  in  diameter,  to  permit  the 
removal  of  the  core  bar.  The  disc  piles  were  sunk  by  means  of  the 
water-jet  without  special  difiiculty,  except  where  logs  or  piles  were 
encountered.     The  discs  are  about  6  feet  in  the  sand. 
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Screio  Piles. — The  screw  piles  are  of  the  form  shown  in  Plate  XXII, 
Fig.  2,  and  were  generally  cast  in  three  sections  designated  as  the 
lower,  middle  and  upper  sections.  The  lower  section,  which  rests  on 
and  encases  the  wooden  bearing  pile,  is  8  feet  long  and  13  inches  in 
interior  diameter,  the  iron  being  1  inch  in  thickness.  At  the  toi?  of 
this  section  is  a  flange  24  inches  in  exterior  diameter  and  1.5  inches 
thick,  2>rovided  with  eight  supporting  brackets  each  1.5  inches  thick. 
In  the  center  of  this  flange  is  a  i-inch  circular  oiiening.  About  1  foot 
above  the  lower  end  of  this  section  of  pile  are  two  screw-pile  blades, 
with  a  maximum  diameter  of  32  inches.  The  blades  are  2.5  inches 
thick  at  the  junction  with  the  cylindrical  pile,  this  thickness  diminish- 
ing to  three-eighths  of  an  inch  at  the  edge  of  the  blade.  The  details  of  the 
lower  section  are  shown  on  Plate  XXII,  Figs.  3  to  6  inclusive.  The  mid- 
dle section  of  the  screw  pile  is  8  inches  in  interior  diameter  and  10 
inches  in  exterior  diameter,  the  iron  being  1  inch  in  thickness.  The 
lower  flange  is  24  inches  in  diameter  and  1.5  inches  in  thickness  and  is 
provided  with  eight  brackets  each  1.5  inches  in  thickness.  There  is  a  cir- 
cular opening  4  inches  in  diameter  in  the  centei*  of  this  flange,  corre- 
sponding to  the  opening  in  the  upper  flange  of  the  lower  section  of  the 
pile.  The  upper  end  of  the  middle  section  is  provided  with  a  circular 
flange  20  inches  in  exterior  diameter  and  1.5  inches  in  thickness,  j^ro- 
vided  with  eight  brackets  1  inch  in  thickness,  as  shown  on  Plate  XXII, 
Figs.  7  and  8.  This  flange  is  cast  with  an  opening  in  the  center 
of  the  full  inner  diameter  of  the  pile  (8  inches).  The  variations  in 
the  depth  of  water  were  provided  for  by  varying  the  lengths  of  the 
middle  section  by  miiltiples  of  1  foot,  the  lengths  ranging  from  7  to 
17  feet. '  The  upper  section  of  the  pile  is  also  8  inches  in  interior  and 
10  inches  in  exterior  diameter,  with  a  flange  on  the  lower  end  20  inches 
in  exterior  and  8  inches  in  interior  diameter  and  1.5  inches  in  thick- 
ness. On  the  four  outer  rows  of  piles  on  the  sides  and  six  outer  rows 
on  the  south  end  of  the  wharf,  the  lower  system  of  bracing  is  attached 
to  this  flange,  and  the  brackets  are  spaced  and  arranged  so  as  to  facili- 
tate this  connection,  as  shown  on  Plate  XXII,  Fig.  7.  On  the  piles  com- 
prising the  interior  rows,  the  brackets  are  equidistant,  as  shown  on 
Plate  XXII,  Fig.  8.  The  top  of  the  upper  section  has  a  flange  or  caj?  24 
inches  in  diameter  and  1.5  inches  in  thickness  to  receive  the  steel  floor 
beams  and  upper  bracing.  This  flange  is  supi^orted  on  the  lower  side 
by   four  brackets   1.5  inches  in   thickness,  extending  to  a  point  12 


DUNCKLEE   OX   IRON"   WHARF   AT   FORT   MONROE,  VA.         119 

inches  below  the  flange,  the  thickness  of  the  iron  of  the  pile  being 
increased  in  this  space  to  1.5  inches.  There  is  a  circular  opening  4 
inches  in  diameter  through  the  top  of  the  cap.  The  details  of  the  cap 
are  shown  on  Plate  XXTTT,  Figs.  14,  15,  16  and  17. 

The  upper  sections  are  all  6  feet  9  inches  long.  On  piles  other  than 
those  to  which  the  lower  system  of  bracing  is  attached,  the  upper  and 
middle  sections  are  cast  in  one  piece,  where  the  length  of  such  com- 
bined section  does  not  exceed  20  feet.  The  connecting  flanges  are  of 
course  omitted  in  this  case. 

All  flanges  were  planed  on  their  abutting  faces,  and  all  holes  were 
drilled.  A  sufficient  quantity  of  red  lead  to  make  a  tight  joint  was 
spread  on  the  abutting  faces  of  the  flanges  before  bolting  them  together. 
The  lower  and  middle  sections  were  bolted  together  -n-ith  eight  1.5- 
inch  bolts  with  nuts,  and  the  middle  and  upper  sections  T\ith  four  li- 
inch  bolts  and  eight  1-inch  bolts,  where  lower  bracing  was  attached, 
and  with  eight  Ij-inch  bolts  where  there  was  no  lower  bracing.  All 
bolts  were  jjainted  with  two  coats  of  iron-ore  paint  before  being  used. 

The  wooden  bearing  piles  were  of  pine,  creosoted  with  12  pounds 
of  coal-tar  creosoting  oil  to  the  cubic  foot.  The  piles  were  10  inches 
m  diameter  at  the  smaller  end,  and  the  portion  of  the  pile  to  be 
encased  by  the  lower  section  of  the  iron  screw  pile  was  worked  down 
so  as  to  be  12  inches  in  diameter  and  jjerfectly  straight.  The  length  of 
pile  to  be  so  covered  after  the  pile  had  been  driven  and  cut  ofi^  was  8 
feet;  but  as  it  could  not  be  known  just  where  the  pile  would  bring  uj), 
it  was  necessary  to  dress  down  a  much  greater  length  of  the  pile.  In 
order  that  the  iron  superstructure  should  come  together,  it  was  neces- 
sary that  the  piles  should  be  driven  exactly  14  feet  from  center  to  cen- 
ter, and  perfectly  true  to  line.  The  use  of  a  floating  pile-driver  was 
therefore  inadmissible,  and  a  land  pile-driver  was  used,  supported  on  a 
false  work  of  temporary  piles  and  stringers,  the  temporary  piles  being 
afterward  withdra^^■n.  The  bearing  piles  were  driven  to  a  refusal 
equivalent  to  1  inch  for  a  hammer  weighing  2  200  pounds  and  falling  15 
feet.  The  length  of  pile  required  was  generally  from  50  to  60  feet,  and 
the  length  of  pile  in  the  gi'ound  ranged  usually  from  20  to  30  feet. 
Each  pile  was  cut  off  by  a  circular  saw  at  the  projier  depth  to  receive 
the  cast-ii-on  pile,  this  being  4  feet  more  or  less  (usixally  less)  above 
the  bottom  of  the  bay.  The  sections  composing  the  iron  screw  pile 
ha\T.ng  been  bolted  together,  the  iron  pile  was  carefully  lowered  and  set 
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in  i^lace  over  the  wooden  pile,  until  the  lower  or  screw  section  rested  on 
the  sand.  Wooden  levers  were  then  attached  to  the  caj)  and  the  pile 
screwed  down  into  the  sand  until  the  flange  at  the  top  of  the  lower 
section  came  to  a  firm  bearing  on  the  top  of  the  wooden  pile.  It  was 
found  that  during  this  operation  the  sand  worked  up  between  the 
wooden  pile  and  the  inside  of  the  iron  pile,  and,  accumulating  at  the 
top  of  the  wooden  pile,  prevented  the  flange  from  reaching  its  true 
bearing.  In  order  to  obviate  this  diflSculty,  the  water-jet  was  employed 
to  force  out  the  sand. 

The  hollow  iron  piles  were  afterward  filled  with  concrete  comjiosed 
of  one  pai-t  of  Portland  cement,  two  parts  of  sand  and  three  parts  of 
pebbles.  The  opening  through  the  lower  flange  was  first  closed  with 
neat  Portland  cement  placed  in  small  bags  and  forced  down  so  as  to 
cover  the  hole.  After  the  cement  paste  had  set,  the  water  was  pumped 
out  of  the  interior  of  the  pile  and  the  concrete  put  in.  The  concrete 
was  intended  especially  to  prevent  the  corrosion  of  the  interior  of  the 
pile  by  salt  water. 

Floor  Beams. — The  floor  beams,  except  as  noted  below,  are  12-ineh 
steel  I-beams,  weighing  56.5  pounds  to  the  foot,  in  lengths  ranging 
usually  from  14  to  28  feet.  The  beams  are  laid  parallel  to  the  longi- 
tudinal center  line  of  the  wharf  in  order  that,  acting  as  struts,  they 
might  better  resist  and  distribute  the  shocks  coming  against  the  outer 
face  of  the  wharf,  which  it  was  assumed  would  be  the  greatest  to  be 
resisted.  When  the  plans  of  the  wharf  were  first  prepared,  it  was  pro- 
posed to  use  12  X  14-inch  oak  floor  beams  with  12  x  12-inch  oak 
transverse  struts  on  the  inner  part  of  the  wharf,  for  a  distance  of  126 
feet  from  the  shore,  the  available  funds  being  insufficient  for  ii'on  or 
steel  beams  over  the  entire  wharf  area.  While  the  work  was  in  pro- 
gress, however,  an  additional  appropriation  was  made  by  Congress,  and 
it  was  then  decided  to  use  steel  beams  on  the  entire  wharf  except  for  a 
distance  of  42  feet  from  the  shore,  where  the  oak  beams  in  place  were 
retained.  Meanwhile  the  caps  of  the  piles  to  be  useji  within  the  above- 
mentioned  area  had  been  drilled  for  the  connection  of  oak  beams.  In 
order  to  utilize  these  piles  the  connection  of  the  steel  beams  was 
adapted  to  the  caps  as  drilled  and  consisted  of  four  l^-inch  bolts  with 
nuts  passing  through  the  flange  of  the  I-beam  and  the  cap  of  the  pile, 
as  shown  on  Plate  XXIII,  Fig.  18. 

Beyond  the  distance  of  126  feet  from  the  shore  the  steel  beams  are 
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secured  to  the  caps  of  the  piles  by  means  of  four  five-eighth-inch  bent 
wrought-iron  plates,  two  on  each  side  of  the  beam.  Each  jjair  of  plates 
is  secured  to  the  beam  by  four  1 J -inch  bolts  passing  thi'ough  the  web 
and  each  plate  secured  to  the  cap  by  two  1^-inch  bolts,  as  shown  on 
Plate  5^X111,  Figs.  14  to  17  inclusive.  At  joints  the  abutting  beams  were 
connected  by  two  five-eighth-inch  fish  plates  and  four  l^-inch  bolts, 
passing  through  the  webs.  All  joints  come  on  the  centers  of  piles  and, 
as  a  rule,  adjacent  beams  break  joint  by  a  panel  length  of  14  feet. 

The  above  is  the  typical  connection.  On  the  sides  and  near  the 
outer  diagonal  corners  of  the  wharf,  special  details  for  these  connections 
were  worked  out,  and  in  some  cases  it  was  necessary  to  use  piles  ^\ith 
caps  30  inches  in  diameter  to  obtain  space  for  the  secure  connection  of 
all  the  beams  and  struts  meeting  on  the  pile. 

Upper  Bracing, — The  upper  system  of  bracing  extends  over  the  entii'e 
wharf  and  is  shown  on  Plate  XXn,  Fig.  1,  and  Plate  XXHI,  Fig.  12. 
The  tops  of  the  piles  are  connected  by  8-inch  steel  X-b^ams  weighing 
30  pounds  to  the  foot  laid  transversely  or  in  a  direction  at  right  angles 
to  the  line  of  the  floor  beams.  These  8-inch  beams  abut  against  the 
webs  of  the  12-inch  floor  beams  and  are  secured  to  the  caps  of  the  cast- 
iron  piles  by  bent  five-eighth-inch  wi'ought-iron  plates  and  1 J -inch 
bolts  with  heads  and  nuts,  two  such  plates  being  used  on  each  end 
of  a  beam,  or  four  to  each  pile.  The  connection  between  the  8  and 
12-inch  beams  is  effected  by  one-half-inch  angle  plates  riveted  to 
the  former  with  three-quarter-inch  rivets  and  bolted  to  the  latter  with 
1-inch  bolts.  The  four  piles  forming  the  corners  of  a  bay  or  square  are 
connected  by  two  li-inch  round  wrought-iron  diagonal  tie  rods  with 
eyes,  attached  to  the  caps  of  the  piles  -n-ith  Ij-inch  bolts.  Each  rod 
has  a  turnbuekle.  Midway  of  the  bay  a  transverse  7-inch  steel 
I-beam,  weighing  25  pounds  per  foot,  connects  and  gives  lateral  support 
to  the  webs  of  the  floor  beams,  the  connection  being  similar  to  that  of 
the  8-inch  beams.  On  the  south  front  and  the  southeast  and  southwest 
diagonal  corners  of  the  wharf,  12-inch  steel  I-beams  replace  the 
8-inch  beams  and  form  the  iron  front  of  the  wharf.  In  order  to  resist 
the  severe  pressures  and  shocks  coming  against  these  corners  additional 
iron  piles  have  been  put  in  and  diagonal  12-inch  I-beam  struts  used 
in  place  of  the  tie  rods.  As  already  stated,  oak  struts  are  used  for  two 
panel  lengths  from  the  shore. 

The  fact  that  the  I-beam  is  not  the  best  form  of  stmt  was  fully 
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recognized  in  preparing  tlae  plans.  It  was  tliouglit,  however,  that  the 
usual  form  of  stmt,  two  latticed  channels,  would  present  such  a  large 
surface  area  to  the  corrosive  action  of  the  salt  air  and  spray  as  to  make 
its  use  undesirable.  The  I-beam  was  adopted  as  best  meeting  all  the 
requirements  of  the  case,  both  as  to  limited  area  of  exposed  surface  and 
facility  of  connection  with  the  iron  jailes  and  floor  beams. 

All  wrought  iron  was  thoroughly  painted  with  iron-ore  jjaint. 
Lower  Bracing. — The  system  of  lower  bracing  is  put  in  on  the  three 
outer  bays  (attaching  to  four  rows  of  piles)  on  the  east  and  west  sides 
of  the  wharf,  and  on  the  five  outer  bays  (attaching  to  six  rows  of  piles) 
on  the  south  end  of  the  wharf  (see  Plate  XXIII,  Fig.  13).  The  system 
consists  of  longitudinal  and  transverse  lines  of  rolled  _L-iron  struts, 
weighing  16.15  pounds  per  foot,  and  diagonal  Ij-inch  round  tie  rods 
(with  turnbuckles),  all  bolted  to  the  lower  flanges  of  the  upper  sections 
of  the  piles  as  shown  in  Plate  XXII,  Fig.  7.  On  the  bays  near  the  south- 
east and  southwest  diagonal  corners,  where  extra  iron  piles  are  placed, 
diagonal  struts  are  substituted  for  ties. 

Flooring. — The  floor  joists  are  of  Ix  ll-inch  heart  -puiQ  lumber  laid 
transversely  and  resting  on  and  notched  down  2  inches  over  the  steel 
floor  beams.  They  are  spaced  2  feet  apart  on  centers,  and  on  the  outer 
bents  are  secured  to  the  floor  beams  by  wrought-iron  straps  to  j^revent 
lifting  from  the  action  of  the  wind  and  waves  during  storms.  Near 
the  south  face  of  the  wharf  the  joists  are  8  x  11  inches  and  are  spaced  3 
feet  on  centers. 

The  planking  is  3-inch  heart  pine  plank  laid  at  right  angles  to 
the  line  of  the  floor  joists,  and  spiked  thereto  with  6-ineh  cut  sjjikes,  two 
at  each  intersection  of  a  plank  with  a  floor  joist.  All  floor  joists  are 
bridged  with  2  x  3-inch  cross  bridging  at  intervals  of  4  feet.  The  de- 
tails of  the  flooring  are  shown  on  Plate  XXII,  Fig.  2. 

Fender  System. — In  order  to  prevent,  as  far  as  possible,  injury  to  the 
cast-iron  piles  from  the  striking  of  steamers  against  the  wharf  while 
making  landings,  a  wooden  fender  system  or  extension,  about  10  feet 
in  width,  was  built  around  the  five  most  exposed  faces  of  the  wharf, 
shown  in  cross-section  on  Plate  XXII,  Fig.  2.  It  consists  of  creosoted 
pine  piles  driven  about  10  feet  apart,  on  lines  10  feet  outside  of  and 
jjarallel  to  the  above  faces  of  the  wharf,  on  which  rest  12  x  14-inch  oak 
caps  drift-bolted  to  the  piles.  Floor  joists  of  4  x  14-inch  pine  lumber 
rest  on  this  cap  and  extend  back  to  the  main  wharf,  the  sjiace  being 
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floored  over  ^dtli  3-iiich  x^lank.  Directly  above  the  cap  a  12  x  l-l-inch 
oak  back-log  is  placed,  projecting  3  inches  above  the  wharf,  bolted 
down  through  the  cap,  as  shown,  with  1-inch  round  bolts  with  nuts. 
Along  the  face  of  the  wooden  extension  are  bolted  two  10  x  12-inch  oak 
fender  timbers,  the  lower  bolted  to  the  cap  and  the  upper  to  the  back 
log  with  1-inch  bolts  spaced  2  feet  apart.  Inner  fender  timbers  from 
12  X  12  to  12  X 16  inches  are  bolted  to  the  face  of  the  iron  wharf  proper, 
as  shown  on  Plate  XXII,  Fig.  2."  These  are  intended  to  protect  the  iron 
woi'k  in  case  a  steamer  cuts  its  way  through  the  outer  fender. 

The  fender  i^iles  are  of  oak,  driven  in  grouj)s  of  three  piles,  at 
intervals  of  about  20  feet  along  the  outer  front  of  the  fender  system, 
bolted  together  and  to  the  caps  with  1-inch  bolts  ■with  heads  and 
nuts,  and  also  secured  from  movement  by  8  x  8-inch  oak  "chocks" 
(see  Plate  XXH,  Figs.  1  and  2).  At  the  six  salient  angles  of  the  wharf, 
larger  groups  of  about  fifteen  fender  piles  each  were  driven  and 
bound  together  by  means  of  1-inch  galvanized  wire  rope.  These  large 
groups  are  intended  to  resist  the  great  pressure  resulting  from  the  partial 
turning  of  a  steamer  against  the  wharf,  such  a  group  acting  as  a  f ul- 
CJ'um  against  which  the  steamer  bears  while  the  bow,  or  stern,  is 
swung  to  make  a  landing  or  to  leave  the  wharf  on  any  desired  course. 
Sixteen  mooring  jiiles  are  driven  at  convenient  points  near  the  outer 
edge  of  the  wharf  and  braced  to  the  wooden  floor  system.  The  fender 
and  mooring  piles  are  shown  on  Plate  XXII,  Fig.  1. 

Bulkhead. — At  the  shore  end  of  the  wharf  a  bulkhead  was  built  of 
a  continuous  row  of  wooden  piles  caj^jjed  with  a  12  x  12-inch  pine 
timber,  the  cap  being  drift-bolted  to  each  pile  by  inch  square  drift 
bolts,  each  2  feet  long.     The  filhng  behind  the  bulkhead  is  sand. 

Wharf  Building. — After  the  comjiletion  of  the  wharf  pi'oper,  a  wharf 

building  was  constructed  of  wood,  as  shown  in  plan  on  Plate  XXIII, 

Fig.  19.     The  length  of  the  building  between  centers  of  end  j^osts  is  98 

feet ,  the  width  of  the  building  at  the  north  and  south  ends,  between 

,  centers  of  posts,  is  42  feet.     These  dimensions,  it  will  be  observed,  are 

lultiples   of  the  panel  length   (14  feet),   and  the   sills   of  the  north 

md  south  wings  (each  32  feet  8  inches  long)  are  laid  on  the   center 

lines  of  the  piles.     The  middle  third   of  the  building   (also   32   feet 

inches  long)  has  two  wings  facing  east  and  west,  each  projecting 

110  feet.     A   canojjy   10  feet   wide   extends  from  these   central   ■«ings 

[around  the  south  end  of  the  building.      This  building  provides  two 
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store-rooms,  one  41  feet  6  inches  x  32  feet,  and  the  other  32  feet  x  62 
feet,  two  waiting-rooms,  each  20  x  20  feet,  and  two  office  rooms,  each 
11  X  20  feet.  The  framing  is  of  Virginia  pine  and  the  roof  trusses  of 
Georgia  pine,  wrought  iron  being  used  for  tension  rods.  The  exterior 
(rough)  sheathing  is  of  Virginia  pine  and  the  siding  of  cyjiress.  The 
waiting-rooms  and  offices  are  finished  in  Georgia  pine  and  provided 
with  fire-places. 

Materials. — The  total  quantities  of  materials,  etc.,  used  in  the  con- 
struction of  the  wharf  (not  including  the  building)  were  as  follows: 

Cast-iron  piles,  number 331 

Cast-iron  piles,  weight 1  287  079  j)ounds. 

Wrought  iron  and  steel,  weight 749  340         " 

Creosoted  wooden  piles,  number 368 

Fender  jiiles,  number 180 

Mooring  piles,  number 16 

Pine  lumber 385  793  feet  B.  M. 

Oak  lumber 30  124  " 

Bulkhead 151|  linear  feet. 

Cost. 
The  contract  prices  for  the  work  complete  were  as  follows: 
Cast  iron,  41  cents  per  pound. 
Wroiight  iron  and  steel,  5  cents  jjer  pound. 
Pine  lumber,  ^33  per  M. 
Oak  lumber,  .^42  per  M. 

Creosoted  wooden  piles,  $22,  .^24  and  .^30  per  pile. 
Fender  and  mooring  piles,  $10  per  pile. 

The  cost  of  the  wharf,  exclusive  of  the  building,  was  $121  306  41 
The  contract  price  for  the  wharf  building  was 7  439  67 

Total  cost  (exclusive  of  engineering  and  contin- 
gencies)    $128  746  08 

Engineers  and  Contractors. — The  work  was  under  the  charge  of 
L/ieutenant-Colonel  Peter  C.  Hains,  Corps  of  Engineers,  U.  S.  A.  The 
writer  was  the  principal  assistant  engineer  on  this  and  other  works  in 
Colonel  Hains'  charge.  The  insi)ector  of  construction  was  Mr.  James 
"Ware.  The  contractors  for  the  wharf  jjroper  were  the  Groton  Bridge 
and  Manufacturing  Company,  of  Groton,  N.  Y.  The  contractors  for 
the  wharf  building  were  Messrs.  Darden  &  Ashe,  of  Hampton,  Va. 
All  plans  and  detailed  drawings  were  furnished  by  the  engineer. 
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DESCEIPTION  OF  THE  IRON  COAL-PIER,  NORFOLK 

AND   WESTERN    RAILROAD    COMPANY,    AT 

LAMBERT'S   POINT,  NORFOLK,  VA.,  AND 

SOME   OF  THE   METHODS    USED    IN 

ITS  CONSTRUCTION. 


By  W.  W.  Coe,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION.* 

The  liver  bottom  at  Lambert's  Point  is  pai-ticularly  well  adapted  to 
timber  pile  work  and,  incidentally,  to  iron  piling.  In  the  vicinity  of 
the  wooden  coal-pier,  the  tojj  stratum  is  a  fine  white  sand  varying  in 
thickness  from  1  to  3  feet.  It  has  been  packed  hard  by  action  of  the 
water,  and  offers  considerable  resistance  to  the  penetration  of  j^iles, 
but  is  of  considerable  use  in  increasing  their  lateral  stability.  Under- 
lying this  sand  we  find  a  thick  stratum  of  sandy  marl  thi'ough  which 
the  jjenetration  of  piles  is  comparatively  easy,  a  jDile  7  inches  in 
diameter  at  the  point  being  driven  about  18  inches  under  a  blow  of  a 
3  000-pound  hammer  falling  15  feet.  The  depth  of  this  marl  is  slightly 
irregular,  but  will  average  about  40  feet.  Directly  under  this  there  is 
a  stratum  of  sand  on  which  all  piles  bring  uji  well,  and  through  which, 
in  our  construction  at  Lambert's  Point,  they  have  never  been  driven. 
It  may  be  stated  here,  however,  that  from  an  artesian  well-boring  near 

*See  page  129. 
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by,  it  has  been  noted  that  the  marl  with  an  occasional  stratum  of  saml 
extends  to  a  depth  of  1  200  feet,  where  calcareous  rock  is  found. 

In  locating  the  iron  pier,  it  was  considered  advisable  to  make  use 
as  much  as  possible  of  the  ajsproach  track  leading  to  the  old  coal-pier, 
there  being  no  doubt  of  the  ability  to  supply  both  piers  with  coal  from 
a  short  single  track.  If  at  any  time  a  separate  approach  should  be  de- 
cided upon,  there  will  be  no  difficulty  in  its  construction.  It  was 
also  decided  to  build  the  new  approach  trestle,  connecting  the 
iron  jiier  with  the  old  approach,  of  timber,  as  in  the  event  of  re- 
building the  old  pier  in  iron  the  same  design  could  be  used  for  both. 
The  iron  pier  proper  extends  from  the  bulkhead  a  distance  of  805  feet 
to  the  Port  Warden's  Line,  and  in  general  design  is  similar  to  the 
old  pier,  which  during  six  years  of  continual  service  has  given  entire 
satisfaction.  There  are  two  elevated  delivery  tracks  for  loaded  coal 
cars,  one  on  each  side  of  the  pier,  built  on  a  grade  of  9  inches  per 
100  feet  descending  from  the  summit,  which  is  on  the  apjsroach  to 
the  river  end  of  the  pier.  The  return  track  for  the  empty  cars  is 
situated  between  the  delivery  tracks,  with  a  grade  of  2  feet  6  inches  per 
100  feet,  descending  from  the  summit  before  mentioned  to  the 
grade  of  the  yard  tracks.  Connecting  the  delivery  tracks  with  the  re- 
turn track  are  two  shifting  tables  with  an  end  movement  of  8  feet 
overcoming  a  grade  of  8  inches,  which  is  the  difference  in  height  of  the 
delivery  and  return  tracks  at  the  tables.  When  at  rest  they  are  in 
line  with  the  delivery  tracks  and  at  the  same  grade.  After  receiving 
the  emptj'  cars,  they  move  by  gravity  to  the  line  and  grade  of  the  return 
track,  and  allow  the  cars  to  leave  the  tables  without  assistance.  The 
tables,  when  thus  relieved  of  the  weight  of  the  empty  cars,  are  at  once 
brought  back  by  counter-balance  weights  to  the  delivery  tracks. 

By  the  system  thus  adopted,  loaded  cars,  after  being  placed  by  an 
engine  beyond  the  summit  of  the  grade,  are  henceforth  controlled  by 
gravity  entirely,  and,  a\  hen  empty,  are  formed  into  a  train  at  the  foot 
of  the  grade.  The  foundations  for  the  pier  consist  of  hollow  iron  piles 
in  bents  36  feet  apart,  four  piles  in  each  bent.  These  piles  and  in 
fact  all  of  the  iron-work,  both  sub-structure  and  superstructure, 
are  protected  from  injury  from  contact  with  vessels  by  having  a 
timber  jDrotection  of  creosoted  pine  poles  which  jsrevents  a  nearer  ap- 
proach than  8  feet.  This  timber  protection  was  built  first,  and  forms 
a  pier  alongside  of  which  vessels  land,  and  was  found  to  be  of  great 
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value  as  a  platform  for  carrying  the  necessary  traveler  and  the  pnmp 
used  for  sinking  the  piles  and  in  erecting  superstructure.  The  traveler 
was  made  of  sufficient  height  and  span  to  admit  of  its  overreaching 
the  superstructu.re,  and  it  could  thus  travel  the  entire  length  of  the 
pier  at  all  times.  It  was  comj^osed  of  two  Howe  trusses,  50  feet  long, 
suppoi'ted  by  double  posts  on  each  side,  thoroughly  braced  together 
and  resting  on  large  truck  frames,  which  also  carried  on  one  side  a 
50-horse-power  boiler  and  a  Mundy  hoisting  engine,  and  on  the 
other  side,  for  working  the  jet,  a  Worthington  duplex  pump  of  890 
gallons'  capacity  per  minute. 

The  iron  piles  were  made  of  wrought-iron  i^ipes,  12  inches  in  diameter, 
one-half  inch  thick,  in  sections  of  from  11  to  20  feet,  with 
flush  joints  and  with  a  cast-iron  disc  1  feet  in  diameter  at  the  base  of 
each  pile.  In  forming  the  piles,  they  were  brought  to  the  traveler  in 
sections  and  put  together,  an  iron  rust  joint  connecting  the  discs  with 
the  i^iles.  When  ready  for  sinking,  which  would  be  after  forty-eight 
hours,  the  time  required  for  the  iron  rust  to  set,  the  piles  comj^osing 
each  bent  would  be'  placed  accurately  in  position. 

The  transverse  sub-bracing  composed  of  two  lines  of  12-inch  chan- 
nels, 12  feet  apart  vertically,  and  connected  with  doiible  angles  form- 
ing a  rigid  frame,  would  then  be  placed  one  on  each  side  of  the  bent. 
At  i^roper  distances  on  the  inside  of  the  channels,  and  well-bolted  to 
them,  are  cast-iron  clamps  with  semi-circular  faces  and  lugs  for 
accurately  clamping  the  piles.  Large  bolts  pass  through  both  clamps 
and  channels,  and,  Avhen  tightened  up,  form  a  very  close  connection 
between  the  piles  and  frame.  These  bolts  would  not  be  quite  tightened 
up  until  after  the  piles  had  been  driven  down  and  cut  oS  at  the  correct 
height,  but  the  frame  acted  as  a  guide  to  the  piles  and  kej^t  them  in 
position  while  they  were  going  down.  In  sinking  the  piles,  which 
varied  in  length  from  45  to  57  feet,  a  top  covering  was  placed  on  them 
and  securely  clamped  by  bolting,  and  a  rubber  hose  connection  4  inches 
in  diameter  was  made  between  the  j)ump  and  pile  to  be  sunk. 

A  water  j^ressure  of  from  30  to  60  pounds  was  then  put  on,  oj^era- 
ting  ten  jets-at  the  bottom  of  the  disc.  One  of  these  If  inches  in  diameter 
acted  perpendicularly  downward,  and  nine,  finches  in  diameter,  worked 
on  radial  lines  with  a  declination  of  45  degrees.  The  weight  of  the  piles 
assisted  by  these  jets  would  generally  carry  them  down  about  6  feet, 
when  it  was  found  necessary  to  apply  blocks  and  tackle  and  to  pull 
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down  witli  an  estimated  force  of  35  tons,  using  the  hoisting  engine  for 
this  purpose.  By  this  means  the  piles  were  sunk  to  the  lower  part  of  the 
marl  stratum,  and  it  was  found  impossible  to  pull  them  down  farther. 
It  was  then  decided  to  apply  a  test  weight  to  each  of  the  j^iles,  using 
for  this  purpose  a  timber  platform  balanced  on  the  piles  and  loaded 
with  pig  iron,  the  total  weight  being  G4  tons.  Under  this  there  was 
settlement  in  nearly  every  pile,  varying  from  one-half  inch  to  6  feet  in 
extreme  cases,  but  averaging  13  inches  for  all.  This  settlement  was 
undoubtedly  due  to  the  tearing  wp  and  softening  of  the  bottom  by  the 
force  of  the  water- jet.  The  weight  remained  on  each  pile  for  four 
hours  after  settlement  had  ceased,  and  the  piles  were  then  considered 
safe  for  any  actual  load  that  they  might  be  called  upon  to  sustain.  It 
might  be  proper  to  remark  here  that  the  pier  has  been  in  constant  use 
by  heavy  engines  and  60  000  pounds'  capacity  coal  cars  for  nearly  a 
year,  and  that  no  appreciable  settlement  has  occurred.  After  this,  the 
piles  were  cut  off  at  the  regiilar  height  by  a  si^ecial  pipe-cutting  tool, 
and  were  then  filled  with  concrete  of  broken  brick,  sand  and  Portland 
cement.  The  bolts  in  the  sub-bracing  were  then  tightened  up  and  the 
substructure  was  complete,  ready  to  receive  the  superstructure. 
The  average  weight  of  the  piles  is  4  800  pounds  including  the  cast-iron 
discs,  and  the  total  weight  of  the  substructure  is  736  000  pounds. 
The  superstructure  consists  of  latticed  channel  columns,  four  in  each 
bent,  bearing  directly  on  the  iron  pile  heads,  and  secured  by  bolting 
to  the  channels  of  the  sub-bracing. 

Longitudinal  girders  for  the  delivery  tracks  bear  directly  on  the 
heads  of  the  columns  except  at  each  end  of  the  pier,  where,  owing  to 
the  change  of  track,  cross-girders  were  used.  Longitudinal  girders  for 
the  return  track  were  carried  by  cross-girders,  riveted  to  the  inside  of 
the  columns.  All  the  bracing  for  columns  is  of  latticed  angles  and 
channels  with  riveted  connections;  the  total  weight  of  the  iron  super- 
structure is  1  826  000  poixnds. 

This  article  should  not  be  closed  without  reference  to  the  very 
careful  and  intelligent  manner  in  which  this  pier  was  designed  by  the 
contractors,  Messrs.  Cofrode  &  Evans,  in  consultation  with  Mr.  Walter 
L.  Keen,  engineer  in  charge  of  our  improvements  at  Norfolk,  and  with 
the  writer.  Tribute  should  also  be  paid  to  the  very  careful  as  well  as 
energetic  manner  in  which  the  work  was  conducted  by  Mr.  Keen 
and  the  contractors,  the  work  being,  to  those  connected  with  it  at 
least,  in  a  very  large  degree  experimental  in  its  nature. 
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DISCUSSION. 


A.  M.  WEiiiiixGTOX,  M.  Am.  Soc.  C.  E. — As  the  autlior  of  the  form- 
ula which  Mr.  Crowell  has  been  good  enough  to  select  as  on  the  whole 
the  most  convenient,  perhaps  I  ought  to  open  this  discussion  ;  but  I 
must  do  so  more  briefly  than  I  should  wish,  in  order  to  duly  cover  all 
points  to  be  considered,  as  what  I  have  to  say  would  perhaps  be  more 
appropriate  in  the  form  of  a  separate  paper  than  in  the  form  of  a  dis- 
cussion. 

I  should  i^remise  that  in  any  formula  in  re'gard  to  j^ile-driving,  it 
must  be  assumed  that  the  piles  are  driven  under  rational  conditions, 
BO  that  they  are  neither  so  heavily  struck,  and  so  neglected  in  resjiect 
to  sawing  off  broomed  heads  as  to  be  battered  and  broomed  unreason- 
ably at  the  time  the  last  few  blows  are  given,  nor  so  lightly  struck 
that  the  blow  does  no  work.  It  must  always  be  assumed,  too,  that 
the  pile  has  been  sinking  \sT.th  reasonable  regularity  under  the  last 
few  blows,  and  that  the  behavior  of  the  pile  when  driving,  and  of  the 
other  piles  around  it,  has  been  such  as  to  give  reasonable  assurance 
that  the  ajDj^arent  uniformity  of  set  is  not  deceptive,  i.  e.,  that  the  jDile 
is  not  really  on  the  point  of  breaking  through  a  thin  crust  into  a  semi- 
fluid substratum,  or  anything  of  that  kind.  Difficulties  of  that  kind 
must  be  guarded  against  by  the  judgment  and  experience  of  the 
engineer,  or  not  at  all.  Formulas  cannot  attempt  to  i^rovide  for 
them,  but  fortunately  they  are  the  exception. 

The  formula  to  which  Mr.  Crowell  gives  the  preference  was 
originally  published  in  Eagiaeeriat/  J^ews  of  December  29th,  1888,  in 
connection  \sith  an  extensive  discussion  of  the  whole  subject,  and  in 
comparison  with  sixteen  other  formulas.  It  was  there  given  in  the 
form:  Iwh 

in  which  L=  "the  safe  working  load  for  piles  under  all  ordinary 
conditions,  to  be  reduced  under  exceptional  conditions  (as  notably 
with  irregular  penetrations),  but  never  exceeded  unless  the  pile  is 
known  to  rest  on  rock  and  act  as  a  column  ";  w  =  the  weight  of  the 
hammer  in  pounds  ;  h  =  the  height  of  fall  in  feet,  and  .s  =  jjenetration 
under  the  last  blow  in  inches,  "assumed  to  be  sensible,  and  at  an 
ajiproximately  uniform  rate." 

This  formula  was  put  forward  as  a  purely  emi^irieal  one,  and  its 
usefulness  established  only  by  comparing  its  results  with  known  in- 
stances of  resistance  and  with  the  indications  of  other  formulas,  but 
as  a  matter  of  fact  it  was  not  purely  empirical  by  any  means;  on  the 
contrary,  the  general  form — 

s  -\-  c 
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was  first  deduced  as  tlie  correct  form  for  a  theoretically  perfect  equa- 
tion of  the  bearing  power  of  piles,  barring  some  trifling  and  negligible 
elements  to  be  noted;  and  I  claim  in  regard  to  that  general  form  that 
it  includes  in  proper  relation  to  each  other  every  constant  Avhich  ought 
to  enter  into  such  a  theoretically  perfect  practical  formula,  and 
that  it  cannot  be  modified  by  making  it  more  complex,  as  Mr.  Crowell 
proposes,  or  by  making  it  less  complex,  without  making  it  less  correct 
and  trustworthy  as  well  as  less  convenient.  The  numerous  formulas 
by  such  high  authorities  as  Weisbach,  Eankine,  Sanders,  Nystrom 
and  many  others,  Avhich  contain  from  four  to  six  other  constants  or 
variables,  and  have  much  more  complex  forms,  I  claim  to  be  not 
only  ijractically  unsuitable  and,  for  the  most  part,  iTutrustworthy, 
but  theoretically  erroneous;  not,  of  course,  in  their  mathematical 
work,  which  I  should  not  venture  to  question,  but  in  their  practi- 
cal i^remises.  This  position  I  shall  not  now  attem^jt  to  establish 
affirmatively,  otherwise  than  by  summarizing  the  process  by  which 
my  own  formula  was  dediiced,  which  I  believe  to  leave  no  gaps  open 
for  correction  by  more  minute  work.  An  error  of  judgment  which 
has  unnecessarily  and  greatly  complicated  many  of  the  formulas  is 
dealing  with  the  energy  of  the  blow  in  terms  of  weight  multiplied  by 
velocity  instead  of  foot-jiounds  of  work. 

In  any  case  of  pile-driving  by  blows,  the  work  done  is  represented  by 
the  product  of  weight  of  hammer  multiplied  by  height  of  fall  =  wli. 
There  is  a  small  loss  from  air  resistance  and  friction  in  the  guides,  but 
this  is  infinitesimal  with  vertical  guides,  and  is  universally  neglected. 
Mr.  Crowell  suggests  determining  this  loss  by  chronograph  observa- 
tions, but  it  would  be  a  waste  of  time.  Even  with  a  30-foot  fall  the 
striking  velocity  is  only  30.1  miles  per  hour;  the  mean  air  resistance  to 
the  hammer  is  2  to  4  pounds,  and  the  loss  therefrom  merely  equivalent 
to  so  much  off  the  weight  of  the  hammer,  or  about  1  part  in  1  000. 
As  for  friction,  that  is  always  a  function  of  pressure,  and  though  the 
hammer  itself  is  heavy,  it  can  never  j)ress  with  much  force  against  the 
vertical  guides,  which  it  loosely  fits,  if  all  is  in  good  order.  Even  if 
the  guides  are  not  quite  vertical,  the  loss  must  be  small,  except  in 
some  rare  cases  when  the  guides  are  purposely  set  much  inclined  in 
order  to  drive  inclined  jjiles.  Such  cases  are  exceptions  not  now  con- 
sidered, for  which  a  proper  special  allowance  can  be  made  by  the 
engineer. 

All  these  foot-pounds  of  energy  -wh,  then,  barring  this  universally 
and  Justly  neglected  fractional  loss,  are  exjiended  somehow  diiriug  the 
set  s  of  the  pile,  so  that  the  mean  resistance  in  pounds  to  the  hammer 

during  that  set  is  exj^ressed  by-^. 

If  h  be  in  feet,  however,  and  s  in  inches,  this  formula  takes  the  form 
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Now,  the  energy  of  the  blow  may  be  absorbed  in  any  or  all  of  these 
five  ways,  which  we  will  severally  consider  : 

1.  In  brooming  and  mashing  the  pile,  either  (a)  visibly  on  the  head, 
or  (b)  invisibly  at  the  foot  of  the  pile,  or  even  in  its  middle,  which  latter 
is  far  from  uncommon. 

2.  In  bouncing,  and  thus  striking  two  or  more  light  blows  instead 
of  one  heavy  one. 

.3.  In  compressing  elastically  the  material  of  the  pile  and  hammer. 

4.  In  overcoming  the  inertia  of  the  pile  and  the  static  grii?  of  the 
earth  upon  it. 

5.  In  causing  the  pile  to  penetrate  against  the  surrounding  earth's 
resistance. 

1  (a).  Brooming  of  the  head  is  an  enormous  source  of  loss  of  work, 
whenever  it  occurs,  both  directly  and  in  cushioning  the  blow.  Some 
such  brooming  almost  always  occurs.  The  recognized  remedy  against 
this,  however,  and  an  entirely  eflfective  one,  is  to  saw  off  the  broomed 
part,  and  give  a  fresh  solid  surface  for  the  blow,  when  the  pile  is  nearly 
home.  Don  J.  "SMiittemore,  M.  Am.  Soc.  C.  E.,  contributed  a  paper 
to  this  Society  some  years  ago,  giving  the  results  of  some  most  valu- 
able observations  on  this  head,  which  should  be  studied  in  this  con- 
nection. 

1  {b).  Brooming  at  the  foot  does  not  diminish  the  energy  of  the  blow 
on  the  pile,  biit  merely  dissipates  it  unj^roduetively.  It  can  generally, 
but  not  always,  be  detected  by  the  skilled  pile-driver  by  a  change  in 
the  behavior  of  the  hammer  and  pile.  No  formula  does  or  can  provide 
against  it.  The  judgment  of  the  engineer  and  his  assistants  must  be 
relied  on  to  detect  its  probable  or  actual  occurrence,  and  to  act  accord- 
ingly by  stopiiing  the  pile-driving  after  brooming  has  begun.  If  all 
these  precautions  be  taken,  brooming  will  not  occur  to  any  injurious 
extent  to  any  considerable  number  of  piles.  Therefore,  no  formula 
does  or  can  make  any  allowance  for  its  effects  other  than  in  the  usual 
coeflBlcient  of  safety. 

2.  Bouncing  invariably  means  that  all  the  energy  of  the  blow  can- 
not be  utilized  in  work,  either  because  the  pile  has  struck  a  solid  ob- 
stacle to  further  penetration,  which  is  soon  detected,  or  because  the 
hammer  is  too  light  or  its  striking  velocity  too  great,  or  both,  to  get 
the  i)ile  in  motion  before  it  reacts  elastically  with  more  force  than  the 
hammer  is  exerting  to  push  it  down.  In  many  cases  the  remedy  indi- 
cated is  a  hea^-ier  hammer.  In  all  cases  the  height  of  the  bounce,  and 
considerably  more,  represents  so  much  absolutely  wasted  energy, 
which  goes  to  increase  the  brooming  but  not  to  increase  the  penetrat- 
ing force,  because  the  energy  escapes  again  from  the  pile  before  the 
latter  begins  to  move.  The  judicious  pile-di-iver,  therefore,  will  and 
does  cut  down  the  fall  at  once,  when  he  finds  that  bouncing  occurs  to 
any  extent,  and  usually  acomplishes  far  more  with  the  lighter  fall  by 
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so  doing.  A  slight  bounce  at  the  end  of  every  blow,  as  we  shall  see, 
is  an  invariable  and  necessaiy  accompaniment  of  all  good  pile-driving. 

3.  Elastic  compression  within  the  limits  of  elasticity  is  not  a  source 
of  loss  except  to  a  trifling  extent  determinable  as  follows :  it  is  neces- 
sarily greatest  at  the  instant  after  impact.  As  the  pile  gets  under 
way,  the  elastic  compression  necessary  to  transmit  from  the  hammer 
through  the  pile  a  pressure  siifficient  to  cause  the  pile  to  penetrate, 
diminishes,  but  so  long  as  the  hammer  and  the  pile  together  are  mov- 
ing downward,  this  decrease  and  resulting  elastic  expansion  all  takes 
effect  to  cau.se  the  foot  of  the  pile  to  move  a  little  faster  than  the  head 
and  the  hammer  above  it.  After  the  energy  of  the  blow  is  so  spent 
that  the  pile  can  penetrate  no  further,  the  remnant  of  elastic  com- 
pression in  the  pile  can  only  expend  itself  upward,  and  it  then  causes 
a  slight  bounce  of  the  hammer.  Except  that  the  speed  of  expansion 
is  not  quite  quick  enough  it  would,  we  may  well  believe,  cause  a  con- 
siderable bounce,  as  it  does  in  any  case  at  times. 

This  last  remnant  of  energy  is  wasted,  but  it  also  is  small  and 
negligible,  excejDt  in  enforcing  the  necessity  of  a  coefficient  of  safety. 
None  of  the  formulas  which  nominally  take  into  account  the  elasticity 
of  hammer  and  pile  really  allow  for  it  in  this  way.  Therefore,  except 
for  the  proviso  hereinbefore  considered,  all  that  we  need  to  take  into 
account  in  seeking  to  determine  some  measure  of  the  bearing  power  of 
piles,  is  the  work  done  in  actiially  moving  the  i^ile.  (Items  4  and 
5  above.)     This  I  have  dealt  with  as  follows: 


Let  the  ordinate  os  (Fig.  1)  ==  the  penetration  of  any  given  pile 
under  a  blow,  and  let  the  rectangle  osCB  =  trh  =  the  energy  in  foot- 
pounds of  that  blow.  Then  Avill  the  abscissa  sC  =  the  mean  resist- 
ance of  the  inle  during  its  set.  In  what  manner  is  that  resistance 
actually  distributed,  and  v\'hat  part  of  it  bears  the  nearest  relation  to 
the  future  bearing  power  of  the  pile  ? 


J 
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So  far  as  the  iuertia  of  tlie  pile  is  coucerned,  tliat  does  not  enter 
into  the  problem,  exeej^t  as  affecting  the  elastic  compression  of  the 
Ijile,  which  we  have  already  considered.  The  energy  absorbed  in 
acquiring  velocity  is  given  out  again  in  surrendering  it,  and  the  mean 
result  is  the  same.  What  we  are  after  only  is  the  external  resistance 
to  the  motion  of  the  pile. 

In  its  absolute  amount,  this  is  as  variable  as  the  earth  itself.  But 
reasoning  from  the  general  laws  of  friction  and  the  known  nature  of 
earth,  these  general  conditions  must  obtain:  at  the  instant  after  im- 
pact there  must  be  a  very  large  excess  of  external  resistance,  oD 
(Fig.  1),  due  to  two  jDermanent  causes:  (1)  the  excess  in  the  coefficient 
of  static  friction  or  of  friction  at  very  low  velocities  over  that  at 
relatively  high  velocities,  and  (2)  the  settling  of  the  earth  around  and 
into  the  irregularities  of  the  pile,  in  the  interval  since  the  last  blow. 
This  last,  in  fact,  may  be  considered  as  a  general  jahenomenon,  which 
occurs,  in  some  degree,  with  all  surfaces  in  frictional  contact,  so  that 
(2)  is  only  a  part  of  (1). 

Under  the  general  laws  of  friction  between  such  substances,  as  I 
understand  them,  this  heavy  excess  of  initial  friction,  oD  (Fig.  1),  "will 
rapidly,  but  not  instantaneously,  decrease  to  some  point  E,  where  it 
will  have  a  much-reduced  value,  s'c',  which  thereafter  will  remain 
sensibly  constant  during  the  remainder  of  the  set.  In  this  case,  we 
have  the  irregular  figure  oDRFs,  whose  area  must  =  u-h. 

The  nearest  measure  of  the  future  bearing  power  of  the  pile,  obvi- 
ously, will  be  the  comparatively  uniform  frictional  resistance  to  pene- 
tration, sF  (Fig.  1),  after  the  initial  excessive  resistance  has  been 
overcome;  because,  in  large  part,  this  excess  is  due  to  the  suddenness 
with  which  the  blow  acts  on  the  pile,  and  a  gentler  unceasing  pressure 
of  much  less  force  in  pounds  may  overcome  it ;  besides  which,  tremors, 
seei^age  of  water,  yielding  of  surrounding  soil,  and  other  like  causes 
may  overcome  it.  The  same  causes  may  partially  overcome  the 
smaller  constant  resistance  nF,  but  that  possibility  we  allow  for  in  the 
coefficient  of  safety.  All  that  is  claimed  is,  that  this  force,  sF,  comes 
the  nearest  to  a  true  measiire  of  future  bearing  power  of  all  possible 
constants. 

To  determine  si*'  in  terms  of  non- variables,  we  must  construct  a 
rectangle  os'  C'B'  whose  area  =^  oBEFs  =  osFB'  -f-  BB'E  =  wk,  which 
I  do  as  follows: 

I  assume  that  the  decreasing  excess  resistance  outlined  by  the  line 
ED,  and  wjiose  value  in  foot-pounds  is  expressed  by  the  irregular  area 
B' ED,  is  confined  within  the  first  inch  of  penetration  {i.  e.,  that  B'E 
=  1),  and  that  the  initial  excess  B' D  =  3  oB'  =  3  sF.  The  selection 
of  these  iJarticular  constants  instead  of  others  a  little  higher  or  lower  is 
pure  assumption,  in  the  sense  that  we  can  never  know  experimentally, 
or  at  least,  do  not  now  know,  just  how  this  is.  But  it  is  based  on  exten- 
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sive  observations  of  the  behavior  of  piles  iu  driving  and  on  many 
years'  experiment  and  stndy  as  to  the  general  laws  of  friction,  as  em- 
bodied in  part  in  my  paper  on  that  subject  [Transactions  Am.  Soc.  C.  E., 
1884,  Vol.  XIII,  p.  409),  where  the  diagram  of  actual  observations 
on  page  420  will  be  found  to  bear  a  striking  resemblance  to  Fig.  1  of 
this  discussion.  I  have  no  doubt  that  the  above  assumptions  are 
essentially  accurate  and  suitable,  especially  as  considerable  modifica- 
tions thereof  do  not  essentially  modify  results.  That  the  general 
nature  of  the  distribution  of  force  is  correctly  outlined  in  Fig.  1,  does 
not  in  my  judgment  admit  of  doubt. 

Under  these  two  assumptions  we  have  geometrically — 
Triangle  B'ED  =  i  B'D  x  B'E 

=  i  {oB'  X  3)  X  1 
^  U  oB'. 
But,  furthermore,  the  irregular  area  B' ED  is  geometrically  equal  to 
about  two-thirds  of  triangle  B'ED,  whence — 

Irregular  area  B'ED  =  oB'  x  1. 

Then,  in  order  to  determine  the  value  of  the  abscissa  oB'  =  sF  =; 

s'  c  ,  we  must  add  to  the  rectangle  oF  an  area  =  oB'  X  1,  Avhich  we  do 

by  making  ss'  =  1  and  s'  c'  =  oB',  whence  we  have,  letting  oB'  =;  i2  = 

the  assumed  maximum  beai'ing  j)ower  of  the  pile — 

wh  =  R  X  (s  4- 1) ; 
whence  we  have — 


s-f  1  ' 

or,  if  h  be  in  feet  and  s  in  inches,  as  usual — 

„       12wh 

This  was  and  is  my  formula  for  the  probable  ultimate  bearing 
power  of  piles.  Barring  the  petty  exceptions  noted  above,  I  believe  it 
to  be  incapable  of  further  refinement  and  amplification  in  any  way  in 
order  to  express  more  accurately  the  probable  ultimate  bearing  power; 
and  I  believe  it  to  be  especially  unwarranted  and  injurious  to  tamper 
with  the  constant  1,  as  Mr.  Crowell  proposes,  in  order  to  allow  for 
future  conditions  of  the  pile  in  respect  to  tremors,  or  in  respect  to  the 
importance  of  stability.  That  constant  has  no  relation  to  such  allow- 
ances, any  more  than  the  variables  w,  s  or  h.  The  proper  way  to  allow 
for  these  future  diiferences  of  conditions,  and  the  only  proper  way,  is  by 
varying  the  coefficient  of  safety. 

For  myself,  I  assumed  the  factor  6  as  the  coefficient  of  safety, 
giving  to  the  formula  the  form — 

„       2wh 
s  +  1 
iu  which  S'  =  the  safe  load  in  the  pile  =  ^  the  jDrobable  ultimate.     I 
assume  6  as  a  factor  of  safety,  rather  than  4  or  5,  simply  because  I 
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found  6  to  give  as  big  loads  as  are  customary,  or  as  are  in  many  eases 
safe.  I  do  not  question  that  in  many  eases  a  factor  of  2,  3,  4  or  5,  or 
even  1,  might  also  prove  safe.  In  some  cases  they  have  done  so, 
but  in  other  cases  they  have  not  ;  whereas,  I  have  as  yet  discovered 
no  cases  where  the  factor  6  had  proved  insiifficient,  either  experiment- 
ally or  in  service.  As  the  factor  6,  moreover,  will  in  no  case  require 
piles  to  be  driven  closer  together  than  is  customary  and  reasonable,  I 
should  advise  in  all  cases  adhering  to  it,  unless  under  some  very  excep- 
tional circumstances,  where  the  engineer  may  see  that  he  has  special 
cause  and  justification  for  taking  more  chances.  He  can  be  reasonably 
sure  that  his  pile  will  do  its  allotted  work  safely  with  a  factor  of  6, 
but  not  with  a  smaller  factor — that  is  all. 

Apart  altogether  from  the  special  reasons  so  far  advanced,  it  is 
wrong  in  principle  to  tamj^er  with  the  constant  1  and  make  it  a  variable, 
in  order  to  vary  the  factor  of  safety  to  suit  future  conditions,  as  Mr. 
Crowell  proposes.  That  constant  is  a  part  of  the  denominator  of  a 
fraction.  For  well-understood  mathematical  reasons,  if  it  is  desired  to 
increase  the  value  of  a  fraction  by  10,  20,  50, 100  or  any  other  per  cent. , 
which  is  what  Mr.  Crowell  is  aiming  at,  it  is  imjaossible  to  do  so  in  any 
simple  way  by  modifying  the  denominator.  It  should  be  done  by 
a  factor  modifying  the  fraction  as  a  whole,  ?.  e.,  multijilying  the  num- 
erator. When,  as  in  this  case,  the  denominator  consists  of  two  terms, 
any  attempt  to  vary  the  value  of  the  fraction  to  suit  any  desired  coeffi- 
cient of  safety,  by  varying  only  one  of  the  terms  of  the  denominator, 
is  particularly  objectionable. 

A  further  reason  why  the  constant  1  should  not  be  tampered  with,  is 
that,  as  it  happens,  in  the  extreme  case  when  s  =  0,  i.  e.,  when  the 
pile  has  struck  solid  ground  and  can  penetrate  no  further,  the  for- 
mulas reduce  to  the  form  K  =  12wh,  and  S  =  2wh,  which  happen  to  be 
just  about  what  the  pile  can  safely  carry  as  a  column,  as  ultimate  or 
safe  loads,  under  ordinary  and  jirobable  values  of  w  and  h,  whether 
regarded  as  a  short  column  with  its  bearing  power  limited  only  by 
the  crushing  strength  of  the  wood,  or  as  a  long  column  liable  to 
flexure.  Therefore,  it  becomes  unnecessary  to  consider  the  special 
case  of  the  pile  acting  as  a  column.  The  formula  is  general  for  all 
conditions.  When  the  constant  1  is  reduced  to  considerably  less  than 
1,  as  Mr.  Crowell  proi^oses,  the  apparent  safe  loads  become  excessive, 
and  considerably  more  than  the  crushing  strength  of  the  pile  itself. 
As  it  is  only  in  these  cases  that  Mr.  Crowell's  proposed  modifications 
give  materially  diflferent  loads  from  the  original  simple  form  of  the 
formula,  it  will  be  seen  that  the  added  comijlexity  is  not  only  with- 
out advantage,  but  distinctly  injurious. 

To  prove  this  fact  I  have  comijuted  the  following  table,  which  suffi- 
ciently explains  itself.     The  last   four  columns  give  the  pith  of  the ' 
argument.     In  these,  the  last  three  columns  give  the  ratio  of  the  safe 
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load  indicated  by  three  cases  of  Mr.  Crowell's  modified  formula  in  com- 
parison witli  my  original  simple  form.  The  table  may  be  divided  hori- 
zontally into  two  main  parts,  that  for  penetrations  of  less  than  1  inch 
and  of  over  1  inch. 

Considering  the  small  penetrations  first:  Mr.  Crowell's  modifica- 
tions have  substantially  no  eff'ect  on  piles  for  machinery  foundations, 
nor  on  any  piles  where  the  penetration  is  as  much  as  one-half  inch. 
Less  penetrations  than  that  are  generally  bogus,  as  practical  men 
know,  and  indicate  that  the  pile  is  brooming  and  mashing  rather  than 
penetrating  further.  For  these  cases  Mr.  Crowell's  modifications  indi- 
cate that  from  one  and  one-half  to  three  times  greater  loads  are  safe, 
but  this  is  untrue  as  a  fact,  as  just  stated,  for  the  simjile  reason  that 
such  loads  amount  to  one-half  to  three  times  the  safe  strength  of 
the  pile  as  a  column. 

For  penetrations  above  1  inch,  Mr.  Crowell's  formula  gives  almost 
identical  results  for  "  ordinary  cases"  in  a  much  less  simple  way;  but 
for  railway  bridges  he  says,  in  effect,  that  my  simpler  form  gives  2  to 
8  per  cent,  too  great  loads,  and  for  machinery  foundations  he  says,  in 
effect,  that  my  form  gives  10  to  12  per  cent,  too  great  loads.  These 
are  small  differences  to  dispute  over;  but  I  deny  the  fact  that  they 
exist,  or  that  there  is  any  evidence  to  show  that  they  exist,  or  tending 
to  show  it.  Certainly  Mr.  Crowell  advances  no  evidence  to  show  that 
they  do.     I  think  he  will  be  surprised  to  find  how  little  effect  upon 
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the  final  resnlt  his  ai^parently  considerable  modifications  of  the  origi- 
nal simple  formula  really  have.  Before  proposing  them,  evidence 
should  be  advanced  to  show  that  the  simj^ler  formula  is  really  the  less 
trustworthy  of  the  two  in  some  one  case,  at  least;  and,  assuming  that 
evidence  to  have  been  produced,  the  proper  way  to  give  it  effect  is  to 
make  the  coefficient  2  of  the  numerator  a  variable,  and  not  the  con- 
stant 1  of  the  denominator. 

I  must  not  be  understood  to  take  the  position  that  the  load  placed 
on  piles  should  not  be  decreased  in  imf)ortant  structures  subject  to 
tremor,  or  that  it  may  not  be  increased  for  carrying  unimportant  tem- 
joorary  structures.  I  merely  say  that  any  excess  or  deficit  in  such 
cases  is  guesswork,  pure  and  simjile,  and  therefore  does  not  belong  in 
a  formula.  The  way  to  make  such  changes  is  to  space  the  piles  a  little 
nearer  together  or  farther  apart  than  we  otherwise  would  ;  not  to 
"monkey  with  "  our  basic  formula  (which  is  already  as  exact  as  theory 
permits  us  to  make  it)  by  arbitrary  changes  in  the  general  direction 
of  the  allowances  we  wish  to  make. 

John  C.  Tkautwike,  Jr.,  Assoc.  Am.  Soc.  C.  E. — "The  absence  of 
anything  like  uniformity  in  the  adaptation  of  piles  to  foundations  "  is 
indeed  lamentable,  but  I  cannot  agree  with  Mr.  Crowell  that  it  is  sur- 
prising. Truly,  as  he  says,  ' '  the  general  princijjles  involved  are 
neither  obscure  nor  unrecognized,"  but  the  elements  attending  the 
operation  of  those  principles  are  so  uncertain  and  so  numerous,  and 
the  experimental  data  at  hand  are  so  uncertain  and  so  few,  that  the 
wonder  seems  to  be,  not  that  we  are  without  established  and  reliable 
rules,  but  rather  that  any  one  has  ventured  to  formulate  any  rules 
at  all. 

In  the  case  of  iron  bridges  the  strains  due  to  the  load  may  be  ac- 
curately determined;  the  materials  of  the  structure  may  be  tested  by 
delicate  laboratory  experiments,  not  only  upon  small  specimens  which 
reveal  more  or  less  clearly  the  molecular  structure  of  the  material,  but 
also  upon  full-sized  and  built-up  members,  repeating  almost  exactly 
the  conditions  of  the  parts  of  the  actual  structure;  and  the  records  of 
such  tests,  made  under  private,  corporate  and  governmental  auspices, 
are  at  hand  by  thousands.  Yet,  as  Mr.  Crowell  intimates,  candor 
compels  us,  even  under  these  circumstances,  to  call  our  factor  of  safety 
a  "factor  of  ignorance."  What  term,  then,  can  we  find  to  fittingly 
exjiress  the  cimmerian  darkness  in  which  we  grope  when  we  come  to 
estimate  the  bearing  power  of  a  timber  pile  driven  into  the  earih  hj 
blows  of  a  ram  and  afterwards  subjected  to  a  static  or  dynamic  load? 

The  weight  of  ram  and  the  height  of  fall  may  indeed  be  determined 
with  reasonable  exactness,  and  the  product  of  these  gives  us,  no  doubt, 
quite  approximately,  the  energy  stored  in  the  ram  at  the  instant  when 
it  comes  into  contact  with  the  head  of  the  pile;  but  in  estimating  how 
much  of  this  energy  is  utilized  in  driving  the  pile,  we  are  obliged  to 
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remember  that  tlie  mass  of  the  jnle  has  yet  to  be  set  in  motion;  that 
the  direction  of  the  blow  can  seldom  be  more  than  apjjroximately  in 
line  with  the  axis  of  the  pile;  that  the  vibration  of  the  pile  under  the 
blow  will  vary  with  the  length  of  the  pile  projecting  from  the  ground; 
that  according  to  circumstances  this  vibration  may  facilitate  or  impede 
the  driving,  and  that  to  an  unknown  extent;  that  the  pile,  even  at  its 
best  estate,  is  more  or  less  compressible,  and  that  the  head  must 
become  more  or  less  crippled  by  the  blows  delivered  ujjon  it,  thus 
further  increasing  and  rendering  still  more  uncertain  the  amount  of 
the  useless  consumption  of  energy  in  the  delivery  of  the  blow. 

But  perhaps  the  most  serious  difficulty  is  encoitntered  when  we 
come  to  deduce  the  supporting  jJOAver  from  the  estimated  effective 
energy  of  the  blow,  dividing  the  latter  by  a  quantity  containing  the 
penetration  or  set  per  blow,  as  is  done  in  all  the  formulas  embraced  in 
the  present  discussion.  As  observed  by  Mr.  Rudolph  Hering,*  "the 
only  method  which  can  be  depended  on  in  calculating  the  sustaining- 
power  of  piles  held  by  friction,  is  the  experimental  one  which  introduces 
the  actual  distance  (s)  which  a  pile  sinks  under  the  last  blow."  And 
yet  this  vei'y  factor,  the  absence  of  which  would  render  these  formulas 
irrational  and  without  which  they  would  fall  to  the  ground,  constitutes 
at  the  same  time,  jjerhaps,  their  weakest  point,  especially  in  formulas 
which,  like  Major  Sanders',  have  not  a  second  additive  quantity  in 
the  divisor.  The  penetration,  as  compared  with  the  height  of  fall  of 
the  ram,  is  in  most  cases  very  small.  The  circumstances  of  actual 
practice  seldom  permit  an  accurate  measurement,  even  of  the  ajyparent 
penetration,  which  again  is  always  complicated  to  a  considerable  and 
uncertain  extent  by  the  compressibility  of  the  pile  and  of  the  soil,  and 
by  the  brooming  of  the  head  of  the  jjile.  And  yet  a  very  small  error 
in  the  measurement  or  estimation  of  the  i^enetration  evidently  catises  a 
wide  divergence  in  the  results  given  by  any  formula  in  which  this 
factor  performs  a  prominent  part. 

Finally,  we  are  almost  entirely  without  experimental  knowledge  of 
the  subject.  All  of  the  results  I  have  been  able  to  obtain  in  which  the 
ultimate  load  is  given  or  from  which  it  may  be  inferred,  are  embraced 
in  the  handfiil  mentioned  below,  and  some  of  these  (as  explained  in 
place)  are  of  an  exceedingly  dovibtful  character. 

But  the  uncertainties  of  the  case  do  not  cease  with  the  driving  of 
the  pile.  Vibrations  due  to  the  load  itself  or  to  those  upon  neighbor- 
ing structures,  the  lubricating  eflfect  of  infiltrating  streams  of  water, 
the  reduction  of  pressure  by  the  dredging  away  of  material  from  ad- 
joining works;  these,  and  perhaps  other  causes,  may  operate  to  reduce 
the  frictional  resistance  of  the  pile. 

The  author  has  earned  the  thanks  of  the  profession  by  endeavoring' 
to  reduce  the  element  of  uncertainty  attending  pile-driving  operations. 

*  "  Bearing  Piles."     Published  by  Engineering  News,  1878. 
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He  has  done  this   by   selecting   that    one   of  the   existing  formulas 

(L== — ^^)  which  most  commends  itself  to  him  by  its  simplicity  and 

s  -)-  1 

by  its  conformity  to  known  jjrinciples,  and  has  modified  it  by  changing 
its  divisor  (s  -\-  1),  substituting  first  the  expression  s  +  0.3,  and  finally 
the  expression  s  +  0.1  +  ??  +  ?i',  in  which  n  =  half  the  square  root  of 
the  penetrations  under  a  standard  blow  of  40  000  foot-pounds,  and  n' 
serves  the  purpose  of  an  additional  factor  of  safety  and  varies  from  0. 1 
to  1  according  to  the  duty  to  be  performed  by  the  structure. 

The  five  formulas  discussed  by  Mr.  Crowell  may  be  written  thus  :* 

12wh , 


Sanders  if       L  = 


s 


Wellington:   i  =  i 3— ir- 


Crowell  (a) :   L  = 
Crowell  (6) :   L  = 


12wh   ^ 

s  +  O.S-' 

12>nh 


s  +  0.1  +  i    \s'I^+n' 

Trautwine :     L  =  {\io  ^-)  ^,V?1 

s  -f-  1 

in  which,  as  in  Mr.  Crowell's  paper, 

L  =  the  safe  load  on  one  pile;* 

w  =  the  weight  of  the  ram;* 

h  =  the  height  of  the  fall  in  feet;J 

s   =  the  penetration  per  blow  under  the  final  blows,  in  inches  ;i 

w'  =  a  term  varying  from  0. 1  to  1. 
As  thus  written,  the  (numerical)  fractional  coefficient  is  the  factor 
of  safety,  and  the  other  factor  is  the  extreme  load  R  on  one  pile. 

It  will  be  noticed  that  there  is  a  certain  similarity  of  form  existing 
between  all  of  these  formulas.  All  have  in  the  numerator  the  product 
of  the  weight  w  of  the  ram  by  a  function  of  the  height  h  of  fall,  and  in 
all  but  ours  this  function  is  the  fall  h  itself.  They  thus  agree  in  de- 
ducing, more  or  less  directly,  the  work  done  from  the  energy  stored  in 
the  ram,  without  making  any  definite  provision  for  the  inertia  of  the 
pile;  resembling  in  this  the  simplest  possible  rational  formula: 

„       12  wh 

K  = , 

s 

*  L  and  w  to  be  measured  in  one  and  the  same  unit,  as  both  in  pounds  or  both  in  tons 
t  Mr.  Crowell  ascribes  this  formula  to  Weisbach,  but  I  do  not  find  it  given  by  that  author. 

It  is  given  by  Major  John  Sanders  in  the  Journal  of  the  Franklin  Institute,  November,  1851,  p. 

304. 

t  lih  and  s  are  taken  in  one  and  the  same  unit,  as  both  in  feet  or  both  in  inches,  the 

number  12  disappears  from  the  numerator  of  the  first  four  formulas. 


tt 
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in  whicli  R  is  the  resistance  (assumed  to  be  constant)  of  tlie  eartli  to  the 
penetration  of  the  j)ile;  in  other  words,  the  extreme  load  of  the  pile. 

Like  this  very  simple  formula,  also,  all  of  those  discussed  contain 
in  their  denominators  the  penetration,  s,  of  the  pile  under  the  last 
blow,  or,  as  it  is  often  put,  the  penetration  per  blow  under  the  last 
few  blows;  but,  in  all  except  that  of  Major  Sanders,  the  denominator 
contains  a  second  term  to  be  added  to  the  penetration,  and  in  Mr. 
Wellington's  formula  and  our  own  this  added  term  is  simply  1  inch. 

Mr.  Orowell  refers  to  the  use,  in  our  formula,  of  the  cube  root  of 
the  fall  as  being  theoretically  illogical  and  practically  inconvenient. 
Inconvenient  it  certainly  is,  as  compared  with  the  use  of  the  fall  itself, 
but  I  do  not  see  that  it  is  "theoretically  illogical."  On  the  contrary, 
so  long  as  increase  of  height  of  fall  beyond  moderate  limits  is  found 
to  be  attended  by  increased  losses  of  energy,  it  must  be  theoretically 
logical  to  make  allowance  for  them,  and  the  simplest  if  not  the  most 
rational  way  of  doing  this  would  seem  to  be,  to  represent  the  energy  of 
the  blow  as  varying  with  some  power  of  the  fall  lower  than  the  first. 

Other  things  being  equal,  a  high  fall  seems  to  cause  a  greater  waste 
of  energy  in  damaging  the  pile,  and,  as  Mr.  Wellington  has  pointed 
out,  in  rebounding  of  the  ram,  besides  allowing  a  longer  time  for  the 
material  around  the  pile  to  re-compact  itself. 

McAlpine's  experience  at  Brooklyn  led  him  to  believe  that  the  sup- 
porting power  of  a  jjile  varies  as  the  square  root  of  the  fall. 

It  can  readily  be  shown  that  the  large  coefficient  (50)  necessitated 
by  our  use  of  the  cube  root  gives  excessive  loads  in  cases  of  very  low 
falls,  such  as  may  perhajas  occur  at  times  with  the  Nasmyth  steam- 
hammer  pile-driver.  Thus,  for  a  fall  of  only  1  foot,  our  50  '^-[Z h  be- 
comes 50h,  and  may  thus  give  a  load  even  much  greater  than — ^1— 

.s 

(see  Fig  2).     For  a  2  OOO-poimd  hammer  falling  1  foot  and  producing 
1.5  inches  i^enetration,  our  rule  gives  40  000  pounds  as  the  extreme 

load,    whereas    the    greatest  theoretical    extreme    load  — '^-^  is  only 

s 

16  000  pounds.     It  may  be  proper  to  consider,  however,  that  siTch  cases 

hardly  come  within  the  actual  probabilities  of  pile-driving,  and  these 

alone  our  formula  was  intended  to  cover.     Indeed,  I  have  no  doubt  it 

was  constructed  by  its  author  as  a  rule  of  thiimb  by  making  it  fit 

such  experimental  cases  as  came  within  his  observation,  and  it  is  safe 

to  assume  that  none  like  the  one  supposed  were  encountered  by  him. 

Whatever  may  be  thought  of  Mr.  Wellington's  demonstration  of  the 

correctness  of  the  additive  term  1  in  the  divisor  of  his  formula  and  in 

that  of  ours,    the  omission  in  Sanders'  formula   of     any   such   term 

must,  I  think,  be  regarded  as  a  fatal  defect,  for  it  makes  that  formula 

give   excessive   loads   for  very   small  penetrations,  and  infinite  loads 

in  cases  where  no  joenetration  can   be   detected,    and  this  no  matter 
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how  light  the  ram  or  how  low  the  fall.  This,  of  course,  is  theo- 
retically correct.  A  pile  which  undergoes  absolutely  no  set  under 
a  blow  from  a  falling  feather  will  theoretically  support  the  uni- 
verse, but  a  formula  which  would  make  it  do  so  in  practice  is  hardly 


Fig.  1. 


applicable  to  cases  of  very  small  penetration.  It  is  but  just  to  Major 
Sanders  to  note  that  in  proposing  this  formula  he  limits  its  application 
to  cases  where  the  pile  "  meets  such  an  uniform  resistance  as  is  indi- 
cated by  slight  and  nearly  equal  penetrations  for  several  successive 
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blows  of  the  ram."  This  rules  out  cases  where  the  observed  penetra- 
tion is  0,  but  still  admits  those  where  the  penetration  is  very  small 
and  where  the  safe  load  by  the  formula  is  therefore  excessively  great, 
as  indicated  in  Fig.  1  herewith. 

It  has  always  been  my  impression  that  the  "  1  "  in  the  divisor  of 
our  formula  was  simply  an  empirical  term  iised  by  the  author  to  avoid 
the  difficulty  just  referred  to,  and  that  he  arrived  at  its  value  by  trial 
with  recorded  cases.*  Mr.  Wellington's  claim  that  it  can  be  shown  to 
be  logically  correct  and  a  necessary  factor  in  any  rational  formula, 
was,  therefore,  an  agreeable  surprise  to  me,  and  I  have  read  with 
much  interest  his  argument  in  the  premises. 

But,  althoitgh  I  am  naturally  willing  to  be  persuaded  of  the  sound- 
ness of  this  position,  I  am  obliged  to  confess  that  the  perusal  has  not 
resulted  in  that  firmness  of  conviction  which  could  have  been  desired. 
It  seems  perfectly  reasonable  to  assume  that  there  is,  as  Mr.  Wellington 
claims,  an  excess  of  resistance  at  the  beginning  of  penetration;  but 
we  are  not  shown  how  the  values  of  B'D  and  BE  in  Mr.  Wellington's 
Fig.  1  {B'E  =  1  inch,  and  B'D  =  3.  OB')  are  deduced  from  his  obser- 
vation of  the  behavior  of  jiiles,  and  from  his  experiments  and  study 
as  to  the  laws  of  friction,  and  in  the  absence  of  this  I  am  inclined 
rather  to  endorse  his  admission  that  the  adoption  of  these  values  "  is 
pure  assumption,  in  the  sense  that  we  can  never  know  experimentally, 
or  at  least  do  not  now  know,  just  how  this  is." 

Hence,  I  cannot  join  in  Mr.  Wellington's  objection  to  Mr.  Crowell's 
innovation  in  "tampering  with  the  constant  1,  and  making  it  a  vari- 
able." On  the  contrary,  it  seems  to  me  altogether  jjrobable  that  this 
term  may,  in  fact,  vary  greatly  (perhaps  as  much  as  from  0  to  2,  3  or 
4  inches,  or  even  more)  with  differences  in  the  character  of  the  soil 
and  of  the  pile,  or  in  the  weight  of  ram  and  height  of  fall,  and  should, 
therefore,  be  made  to  aj)pear  as  a  variable  in  the  formula.  Indeed,  if 
we  had  at  command  a  sufficient  assortment  of  reliable  experimental 
data,  I  think  we  might  be  able,  by  modifying  this  term,  to  produce  a 
more  nearly  serviceable  formula  than  any  yet  presented.  Mr.  Crowell's 
proposed  innovation,  therefore,  so  far  from  being  an  unpardonable 
sin,  seems  to  me  to  be  an  effort  in  the  right  direction,  although  a 
comparison  of  his  results  with  the  few  experimental  data  at  hand 
seems  to  indicate  that  he  has  not  yet  hit  upon  just  the  hapjiiest 
combination. 

It  apjjears  to  me  also,  in  view  of  "the  excess  in  the  coefficient  of 
static  friction,  or  of  friction  at  very  low  velocities  over  that  at  relatively 
high   velocities,"   that   Mr.    Wellington's   diagram    should    show   an 

*  In  presenting  his  formula,  he  remarked  :  "  Although  this  is  all  ■wretchedly  empir- 
ical, it  certainly  appears  to  accord  moderately  well  with  such  facts  as  we  have  been  able  to 
obtain.  Like  other  rules  of  this  kind,  however,  it  ehould  be  used  with  caution;  and  with  a 
wide  margin  for  safety  in  important  cases." 
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increase  of  resistance  toward  the  end  of  the  penetration,  where  the 
pile  is  being  brought  to  rest,  and  where,  consequently,  the  velocity  is 
rapidly  decreasing.  This  final  excess  of  resistance  would,  no  doubt, 
be  less  than  the  initial  one  [B'ED);  but,  such  as  it  may  be,  it  would 
seem  sufficient  to  render  us  cautious  in  accepting  implicitly  an  argument 
based  ujion  the  diagram  without  it. 

Mr.  Crowell,  in  his  first  suggested  modification  of  Mr.  Wellington's 
formula,  proposes  substituting  0.3  in  place  of  1.0  in  the  divisor.  That 
this  is  an  unfortunate  deviationin  the  direction  of  Major  Sanders' 
omission  of  any  additive  term  is  indicated  by  my  Fig.  1,  where  the 
curve  representing  this  form  of  Mr.  Crowell's  formula  is  seen  to  mount 
very  rajiidly  as  the  penetration  becomes  less  than,  say,  1  inch.     Mr. 

Crowell's  final  formula,  in  which  this  term  becomes  0.1  -f-  i     \s 


*J' 


wk  ' 

suffers  even  more  severely  from  this  defect,  for  the  additive  term  here 
diminishes  with  the  penetration.  ^Tiile  we  may  not  unquestioningly 
accex>t  Mr.  Wellington's  argument  in  behalf  of  the  constant  value  "  1 " 
for  this  term,  these  considerations  certainly  indicate  that  it  is,  at  least, 
safer  than  Mr.  Crowell's  proposed  modifications. 

I  am  inclined  to  question  the  proj^riety  of  allowing  the  factor  ??  to  be 
determined  by  meaos  of  a  standard  blow  of  40  000  foot-pounds,  as  in 
Mr.  Crowell's  formula,  without  restriction  as  to  weight  of  ram  or 
height  of  fall.  It  sometimes  happens  that  a  jjile  refuses  under  a  light 
ram  with  high  fall,  but  moves  satisfactorily  with  a  heavy  ram  and  low 
fall,  and  sometimes  the  reverse  of  this  obtains,  j^erhaps,  chiefly  in 
cases  where  a  hard  and  shallow  stratum  is  encountered. 

A  little  consideration  will  show  that  the  increase  in  complexity  due 
to  Mr.  Crowell's  modification  {b)  of  Mr.  Wellingion's  formula  is  less 
than  might  be  supposed  at  first  glance.  Both  n  and  ii'  are  obtained 
once  for  all  at  the  beginning  of  any  given  set  of  operations — the  former 
by  ascertaining  the  average  penetration  under  the  standard  blow,  and 
the  latter  by  consulting  the  table  furnished  by  the  author.  In  the 
absence  of  experimental  confirmation,  however,  we  can  biit  accept  the 
author's  values  of  n  and  of  n'  as  his  own  guesses,  and  be  thankful  that 
he  has  done  the  guessing  for  us  instead  of  leaving  us  with  a  fixed  factor 
of  safety,  as  do  Major  Sanders'  and  Mr.  Wellington's  formulas,  or  with 
a  factor  varying  between  one-half  and  one-twelfth,  as  in  late  editions 
of  Trautwine. 

It  -will  be  noticed  that  in  all  the  formulas,  except  Mr.  Crowell's  (6) 
and  our  own,  the  value  of  the  factor  of  safety  is  fixed.  In  oui's,  "not 
more  than  one-half  the  extreme  load"  is  to  be  taken  "for  piles  thor- 
oughly driven  in  firm  soils,  nor  more  than  one-sixth  when  in  river  mud 

*  Inasmuch  as  the  term  n'  of  Mr.  Crowell's  final  formula  serves  the  purpose  of  a  factor  of 
safety,  and  varies  according  to  an  arbitrary  scale,  with  the  use  to  which  the  superstructure 
is  to  be  put,  it  should  not,  I  think,  be  included  here. 
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or  marsh";  while,  if  there  is  liability  to  tremors,  only  one-fourth  and 
one-twelfth  of  the  extreme  load  are  to  be  taken  respectively.  Mr. 
Crowell  has  undertaken  to  provide,  in  addition  to  his  fixed  factor  of 
safety  of  one-sixth,  a  sliding  scale  for  the  term  n'  in  the  divisor  of  his 
formula,  whereby  that  term  is  given  a  series  of  fourteen  different 
values,  dejjending  upon  the  service  for  which  the  superstructure  is  to 
be  used  and  upon  the  exposure  to  which  it  is  to  be  subjected. 

In  view  of  the  great  diversity  of  the  conditions  under  which  piles 
are  driven  and  of  those  under  which  they  are  siibsequently  employed, 
I  cannot  but  think  it  better  to  have  an  elastic  factor  of  safety  rather 
than  one  which  remains  the  same  whether  the  superstructure  is  to  be 
on  the  one  hand  a  lumber-yard  or  a  mausoleum,  or,  on  the  other  hand, 
a  trestle  or  a  draw-span  to  be  used  by  trains  of  all  descriptions. 

It  would  appear,  therefore,  most  desirable  to  jorovide  a  series  of 
factors  for  safety,  arranged,  like  Mr.  Crowell's,  to  suit  the  various 
conditions  of  service;  but,  until  the  experimental  data  at  our  com- 
mand become  vastly  more  numerous  and  more  reliable  than  they  now 
are,  any  such  table  must,  as  already  intimated,  be  taken,  like  the 
"1 "  in  the  divisors  of  Mr.  Wellington's  formula  and  of  our  own,  as  a 
"pure  assumption."  In  the  jaresent  state  of  our  ignorance,  much 
must  be  left  to  the  judgment  of  the  engineer,  and  he  may  well  be 
thankful  if  we  succeed  in  concocting  a  rule  of  thumb  which  gives 
results  bearing  some  sort  of  proportion  to  the  probable  extreme  load, 
leaving  it  to  him  to  decide  what  portion  of  this  load  he  will  take  his 
chances  with. 

Mr.  Crowell  has  kindly  corrected  a  misapi^rehension  into  which  he 
(in  the  advance  copy  of  his  paper)  had  fallen  resiiecting  the  Trautwiue 
formula,  and  in  which  Mr.  Hering  (in  the  pamphlet  already  quoted) 
had  preceded  him.  Both  gentlemen  refer  to  an  earlier  and  a  later 
form  of  our  formula,  and  in  this  they  have,  in  a  measure,  followed  the 
example  of  its  author,  who,  in  the  first  and  second  editions  of  the 
"Pocket  Book,"  said: 

"  When  the  pile  has  ceased  to  sink  appreciably  under  a  given  fall 

and  weight  of  hammer.     Extreme  load  in  tons  =  ^fall  in  feet  X  weight 

of  hammer  in  tons  x  60";  and  added:     "But  if  the  pile  sinks   ajj- 

preciably  under    each   blow,   but   not  exceeding  a  few   inches,   then 

divide  the  extreme  load  as  just  found  by  the  sinking  in  inches,  added 

to  the  constant  1." 

In  later  editions  the  formula  is  made  general,  being,  in  effect : 

-r,   ,  ,      -.       50  X  weight  of  hammer  X  r/  fall  in  feet 

Extreme  load  = r     •       .     .  -^ — 

j)enetration  in  inches  +  1. 

It  is  evident  that  except  for  the  change  in  the  coefficient  from  60  to 

to  50  (the  only  change  that  has  been  made  in  the  formula  itself)  this 

general  form  is  equivalent  to  that  first  given,  with  its  provision  for 

cases  with  api^reciable  penetration. 
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Tlie  error  I  have  referred  to,  is  that  both  gentlemen  have  taken  the 
formula  given  by  the  author  in  the  tirst  edition,  for  cases  where  there  is 
no  penetration,  and  have  applied  it  to  a  supposed  case  with  a  penetra- 
tion of  1.2  inches.  Thus  misapplied,  the  formula  is  made  to  give  two 
results,  differing  by  more  than  100  per  cent,  in  the  extreme  load  for  a 
given  case,  as  in  Mr.  Crowell's  original  Diagram  1,  which  was  sent  out 
with  the  advance  sheets  of  his  paper,  whereas  the  reduction  of  the  co- 
efficient from  60  to  50*  in  the  third  edition  makes,  of  course,  a  difference 
of  only  one-sixth,  as  shown  in  Mr.  Crowell's  corrected  diagram  exhib- 
ited at  the  Convention. 

But,  while  the  form  of  our  equation  for  extreme  load  has  undergone 
no  change,  and  while  the  coefficient  C  has  been  reduced  only  from  60 
to  50,  our  factor  of  safety  has  undergone  a  quite  interesting  process  of 
develoi)ment,  indicating  a  growing  conservatism  on  the  -paxX  of  the 
author  of  the  formula.  In  the  first  edition,  1872,  in  which  the  co- 
efficient C  was  60,  the  factor  of  safety  was  made  "  about  one-third  to  one- 
half."  In  the  third  edition,  187-i,  in  which  the  coefficient  C  was 
reduced  from  60  to  50,  it  was  made  ' '  not  more  than  one-half  for  piles 
thoroughly  driven  in  firm  soils,  nor  more  than  one-fourth  when  in 
river  mud  or  marsh."  In  the  fifth  edition,  1881,  the  latter  figiire  was 
made  one-sixth,  and  the  remark  added  :  "If  liable  to  tremors,  the  loads 
should  not  exceed  one-half  of  this."  And  in  the  seventh  edition,  1882, 
this  latter  caution  is  put  more  jjositively,  thus  :  "If  liable  to  tremors, 
take  only  half  these  loads." 

Comparing,  then,  our  formula  as  it  apjjeared  in  the  first  and  in  the 
later  editions,  we  find  that  in  the  former  we  have 

T,   .  in-  -,         60  X  weight  of  ram  in  pounds  X  i/fallinfeet 

±jxtreme  load  in  pounds  = ; — -■ ^ — ■ — ^ ^, 

penetration  in  inches  -|-  1 

with  factors  of  safety  from  one-half  to  one-third,  and  that  in  the 
later  editions  the  coefficient  has  become  50  and  the  factor  of  safety 
from  one-half  to  one  twelfth. 

Hence,  Mr.  Crowell's  rej^resentation  of  our  formulas  in  his  Diagram 
2,  while  correct  as  far  as  it  goes,  is  not  sufficiently  comi^rehensive  to 
represent  our  formula  properly,  for  his  u^aper  curve  rej^resents  it  with 
a  coefficient  of  60,  and  a  factor  of  one-half,  while  the  lower  one  repre- 
sents it  with  a  coefficient  of  50  and  a  factor  of  one-third.  A  satisfac- 
tory showing  would  require,  in  each  of  his  four  diagi-ams,  at  least  four 
curves  for  our  formula,  viz. ,  two  with  a  coefficient  of  60,  one  of  them 
with  a  factor  of  one-half,  the  other  with  a  factor  of  one-third  ;  and  two 
with  a  coefficient  of  50,  one  of  them  with  a  factor  of  one-half,  and  the 
other  with  a  factor  of  one-twelfth,  and  I  therefore  submit  herewith 
(Fig.  1)  diagrams  for  his  two  extreme  cases,  I  and  IV  (h  =  15  feet,  and 
h  =  30  feet  resijectively),  drawn  in  accordance  with  this  suggestion. 

'^  When  the  load  is  taken  in  tons,  the  weight  of  ram  remaining  in  pounds,  these  co- 
eflBcients  become  respectively  0.0268  and  0.023. 
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In  these  diagrams  I  have  used  lines  of  the  same  characters  as  those 
used  by  Mr.  Crowell  to  designate  the  Sanders,  the  Wellington  and  the 
Crowell  {a)  formulas  respectively,  each  of  which,  allowing  no  latitude 
as  to  the  coefficient  of  safety,  is  properly  represented  by  a  single 
curved  line,  while  our  formula,  in  its  two  forms,  each  with  a  variable 
factor  of  safety,  is  propei'ly  represented  by  shaded  areas. 

These  diagrams  show  clearly  the  defect  of  the  Sanders  formula 
already  referred  to,  the  allowed  load  rapidly  approaching  infinity  as 
the  observed  penetration  falls  below  three-fourths  and  one-half  inch, 
and  they  also  indicate,  I  think,  that  Mr.  Crowell's  proposed  stibstitu- 
tion  (a)  of  0.3  for  1.0  in  Mr.  Wellington's  formula,  errs  in  the  same 
direction. 

The  resemblance  between  Mr.  Wellington's  formula  and  our  own  is 
also  shown  by  these  diagrams,  each  of  which  represents  a  constant 
height  h  of  fall,  Mr.  Wellington's  formula  falling  well  within  the  very 
wide  area  embraced  between  the  limits  of  our  later  form,  and  neces- 
sarily partaking  of  its  character.  But  lest  it  might  be  hastily  assumed, 
in  view  of  this,  that  Mr.  Wellington's  formula  was  but  an  imitation  of 
ours,  I  submit  also  a  second  diagram.  Fig.  2,  in  which  the  penetration 
s  (assumed  at  1  inch)  is  supposed  to  be  constant,  while  the  fall  h  is 
made  to  vary. 

Plotted  in  this  way,  the  formulas  of  Sanders,  Wellington  and 
Crowell  {a)  are  necessarily  straight-line  formulas,  as  is  also  the  theoret- 
ical formula. 

^  ,,.       12  wh 

Extreme  load  = 

s 

which  I  have  added  here  for  comparison ;  while  our  formula,  of  course, 

appears  as  a  curve  determined  by  the  presence  of  the  cube  root  of  h  in 

its  divisor.     It  will  be  seen  that  with  a  penetration  of  1   inch  Mr. 

Crowell's  formula  (a)  gives  results  almost  identical  with  those  of  Major 

Sanders'  formula.     This  diagram  exhibits  also  the  fact,  already  noticed, 

that  our  formula,  owing  to  its  employing  the  cube  root  of  the  fall, 

gives  excessive  loads  for  very  low  falls. 

It  is  an  ominous  fact  that  neither  Mr.  Hering,  in  his  pamphlet 
already  quoted,  nor  the  author,  in  the  jiresent  paper,  brings  forward 
any  results  of  experiments  in  support  or  in  refutation  of  any  of  the 
formulas;  ominous  becaiise  it  indicates  the  dearth  of  such  results.  For 
years  I  have  been  on  the  lookout  for  data  of  this  kind;  but  the  resi;lt, 
as  embodied  in  the  following  table,  is  discouraging* in  the  extreme.  I 
cordially  second  the  hope  of  the  author  ' '  that  in  the  discussion  which 
this  paper  may  call  out,  practical  examples  will  be  given,  taken  from 
the  actual  behavior  of  piles  in  service,  under  loads  of  various 
character." 

When  only  the  actual  safe  load  is  given,  we  are  left  in  doubt  as  to 
how  much  more  the  pile  would  safely  bear.     Hence  I  have  restricted 
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my  list  of  results  chiefly  to  those  which  give,  or  from  which  we  may 
infer,  the  ultimate  or  extreme  load  which  causes  settlement  of  the  pile 
and   which   our   author   rather   unfortunately    calls    "the   sustaining 


power  "  of  the  i^ile.  I  have  omitted  cases  where  the  piles  are  known 
to  have  failed  by  being  pushed  over  laterally  by  the  pressure  of 
adjoining  arches,  or  through  similar  causes  other  than  the  vertical 
pressure  of  the  loads  uj)on  their  heads. 
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153  DISCUSSION"  oisr  pile-driving. 

In  a  number  of  the  cases  recorded,  tlie  resistance  of  tlie  iiile  was 
ascertained  by  iqj-liflmg  it  instead  of  by  loading  it.  I  venture  tlie 
opinion  that,  other  things  being  equal,  the  force  required  to  start  a 
pile  upward  will  usually  be  less  than  that  required  to  start  it  down- 
ward, and  this  notwithstanding  that  the  weight  of  the  pile  favors  the 
latter  process;  for  a  further  driving  necessitates  a  further  compacting 
of  the  already  compacted  soil,  besides  encountering  the  resistance  at 
the  foot  of  the  pile,  whereas  the  up-lifting  has  merely  to  break  up  the 
cohesion  (generally  slight)  of  the  upper  portions  of  the  material  into 
which  the  pile  is  driven. 

It  must  be  observed  that  even  the  best  of  these  results  are  to  be 
accepted  with  more  or  less  reserve;  and  that  their  confirmation  or  con- 
demnation of  any  particular  formula  or  of  all  the  formulas,  is  to  be 
taken  as  an  indication  merely.  The  accounts  of  some  of  the  cases  are 
quite  explicit,  but  in  others  the  attempt  to  get  at  the  results  was  handi- 
caj^ped  by  most  aggravating  ambiguity  in  the  language  used  in  the 
descriptions.  Where  uncertainty  exists,  it  has  been  indicated  in  the 
remarks  describing  the  cases.  Some  of  the  accounts  state  that  the 
heads  of  the  piles  were  protected  by  rings,  but  in  others  even  this 
information  is  not  vouchsafed,  and  none  of  the  accounts  state  dis- 
tinctly the  conditions  of  the  heads,  a  feature  which,  as  pointed  oxit  by 
Mr.  Wellington,  is  of  the  first  importance  in  a  comparison  of  the  kind 
here  attempted. 

In  most  of  the  cases  we  are  left  uninformed  as  to  the  length  of  time 
which  elapsed  between  the  driving  and  the  testing  of  the  pile,  a  factor 
Avhich,  as  many  records  show,  has  often  a  very  marked  effect  upon  the 
bearing  power  of  the  pile,  generally  increasing  it  and  often  to  a  sur- 
prising extent,  especially  in  soft  mud  (see  Cases  10  and  11  and  the 
notes  referring  to  them). 

For  the  purpose  of  placing  the  three  formulas  upon  the  same  foot- 
ing with  the  experimental  results,  I  have  given  for  each  the  extreme 
load  obtained  by  means  of  it.  This  extreme  load,  in  Mr.  Wellington's 
formula,  is  simply  six  times  the  safe  load.  In  Mr.  Crowell's  it  is  six 
times  the  value  obtained  from  the  formula  by  omitting  the  term  n' 
from  the  divisor.  Our  formula,  as  it  stands,  calls  for  the  extreme 
load. 

I  have  given  also  the  quotients  obtained  by  dividing  the  actual 
extreme  load  R  by  the  extreme  load  as  given  by  eaeh  of  the  formulas. 
These  quotients,  therefore,  are  the  coefficients  by  which  the  results 
of  the  formulas  must  be  multiplied  in  order  to  obtain  the  actual 
results.  The  degree  of  uniformity  of  these  coefficients,  and  their 
approximation  to  unity,  may  be  taken  as  an  indication  of  the  relative 
utility  of  the  formulas,  ahvays  bearing  in  mind  the  exceptional  charac- 
ter and  the  extreme  unreliability  of  some  of  the  experiments  them- 
selves. 
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It  will  be  seen  that  this  comparison  goes  far  to  strengthen  the 
position  of  those  who  claim  that  formulas  are  of  but  little,  if  any,  use 
in  arriving  at  the  supporting  power  of  a  pile. 

In  Cases  1  to  12  the  piles  were  tested  by  loading;  in  Cases  13  to  17 
by  up-lifting.  The  first  eight  may  be  considered  good  cases;  the  con- 
ditions of  driving  and  loading  correspond  with  what  may  be  called 
ordinary  practice,  and  in  most  of  these  cases  are  stated  with  reasonable 
clearness.  In  Case  9  the  conditions  were  not  unusual,  but  the  data 
used  are  open  to  grave  doubt,  omng  to  ambiguity  in  the  printed 
record. 

In  Cases  10  and  11  the  piles  sank  under  their  own  weight  and  that 
of  the  hammer,  but  the  sinking  took  place  when  the  jailes  were  first 
set  up,  while  the  blows  recorded  were  not  delivered  until  four  weeks 
later.  In  Case  12  the  load  (very  roughly  estimated)  has  been  carried 
for  years  without  settlement.     The  extreme  load  is  not  given. 

Case  1. — Pile  trestle  at  Aquia  Creek,  Va.,  1871  {a).*  A  portion  of 
these  results  are  given  in  abstract  in  Railrond  Gazette,  August  12th, 
1887,  p.  521.  Material. — Creek  bottom,  and  almost  fluid  mud  over  80 
feet  deep.  Tide  water  6  feet  deep.  Trestle  bents  of  six  piles  each, 
12^  feet  between  centers  and  about  15  feet  high.  Piles  15  to  18  inches 
diameter  at  butt,  50  to  56  feet  long,  cut  off  just  above  low  water-mark. 

Case  2. — Philadelphia,  1873.  "  Trautwine's  Civil  Engineers'  Pocket- 
book,"  p.  643.  Material,  soft  river  mud.  Trial  pile  loaded  with  14  560 
pounds  five  hours  after  dri-\dng,  and  sank  but  a  very  small  fraction 
of  an  inch.  Under  20  160  pounds  it  sank  three-quarters  of  an  inch; 
under  33  600  pounds,  5  feet. 

Case  3. — Mississij^pi  Eiver  at  East  St.  Louis,  1868-69.  Letter  from 
Mr.  G.  Bouscaren,  June  25tli,  1892.  (This  case  was  described  by  Mr. 
Bouscaren  during  the  discussion  at  the  Convention.)  Material,  a  soft 
muddy  bottom,  with  5  or  6  feet  of  water.  Piles  in  temporary  railroad 
trestle  of  three-pile  bents  15  feet  from  center  to  center.  Piles  driven 
about  20  feet.  Penetration  s  2^  to  3  inches.  The  j^iles  settled  badly 
in  a  very  short  time  under  locomotives  weighing  not  over  30  tons, 
so  that  the  load  on  a  pile  could  hardly  have  exceeded  22  400  pounds. 
All  three  formulas  give  excessive  loads  in  this  case. 

Case  4.— Perth  Amboy,  1873.  Letter  from  Mr.  John  F.  Ward,  July 
20th,  1892.  Material,  "pretty  fair  mud,"  30  feet  deep.  Four  piles,  12, 
14,  15  and  18  inches  diameter  at  top,  6  to  8  inches  at  foot,  were  driven 
in  a  square  to  depths  of  from  33  to  35  feet.  Distance  apart  not  given. 
A  platform- was  built  upon  the  heads  of  the  piles  and  loaded  with  80 
tons  (179  200  pounds)  =  say,  44  800  pounds  per  pile.  After  a  few  days 
the  load  was  removed.  The  18-inch  pile  had  not  moved;  the  12-inch 
pile  had  settled  3  inches,  and  the  14  and  15-inch  piles  had  settled  to  a 
less  extent. 

*  Letter  from  Major  E.  T.  D.  Meyers,  June,  1892. 
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This  case  emphasizes  the  uncertainty  arising  from  the  presence  of 
the  penetration  in  the  formulas.  It  is  hardly  supposable  that  the  same 
ram,  with  the  same  height  of  fall,  should  have  given  precisely  the  same 
penetration  for  piles  of  such  different  dimensions  and  (as  the  test 
showed)  of  different  resisting  jaowers,  yet  the  record  gives  a  uniform 
penetration  of  2  inches  for  all,  the  available  means  for  measurement 
evidently  failed  to  detect  any  difference. 

Case  5. — Fort  Delaware,  1850.  Memoir  of  the  Life  and  Services  of 
Captain  and  Brevet-Major  John  Sanders,  by  James  St.  C.  Morton,  1st 
Lieutenant,  Corps  of  Engineers,  Pittsburgh,  1861.  The  account  is 
highly  unintelligible.  Material,  an  alluvial  deposit.  The  piles  were 
of  Chesapeake  yellow  pine  weighing  from  32  to  59  pounds  per  cubic 
foot.  They  measured  12  inches  square,  and  were  about  30  feet  long, 
with  points  5  feet  long.  Four  trial  piles  were  driven  about  24  feet 
(distance  apart  not  stated)  and  capped  with  a  platform  upon  which 
the  loads  were  placed.  The  weight  t«  of  the  ram  is  variously  given  at 
from  1  883  to  2  000  pounds.  It  appears  to  have  been  about  1  900 
pounds. 

The  loads  and  settlements  were  as  follows : 


Loads. 

Skttlements. 

On  the  4  piles. 

On  eacli  pile. 

Time, 
moB. 

Total  time, 
mos. 

Distance, 
in  j^j  ins. 

Total  dis. 
in  J,  ins. 

60  700 

15  175 

6 

6 

6 

6 

75  700 

18  925 

0 

6 

94  000 

23  500 

i 

7 

2 

8 

91000 

23  500 

3 

10 

0 

8 

107  500 

26  875 

1 

11 

1 

9 

121  800 

30  450 

8 

19 

7 

16 

121  800 

30  450 

33 

52 

0 

16 

134  000 

33  500  1 

147  000 

36  750  1 

7 

69 

0 

16 

160  000 

40  000  f 

174  000 

43  500  ) 

189  500 

47  375 

17 

76 

10 

26 

189  500 

47  375 

48 

124 

6 

32 

The  total  settlement  here  was  so  small  and  so  gradual  that  even 
the  gi'eatest  of  these  loads  can  hardly  be  called  "  extreme";  but  inas- 
much as  this  minute  detail  gives  some  idea  as  to  how  safe  the  piles  are 
under  their  load,  the  case  is  entered  in  the  table,  with  this  reservation, 
for  purposes  of  comj^arison. 

Case  6. — Proctorsville,  La.  From  "Van  Nostrand's  Magazine," 
July,  1882.  Material,  mud,  sand  and  clay.  Wet.  Trial  pile  (driven 
alone)  said  to  have  been  30  feet  long,  yet  it  is  said  to  have  sunk  5  feet 
4  inches  by  its  own  weight,  and  to  have  been  driven  29  feet  6  inches 
deeper,  making  34  feet  10  inches  driven  length.  Cross-section, 
12i  X  12  inches  at  top,  11^ x  11  inches  sharpened  to  4  inches  square  at 
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foot.  Weight,  1  611  pounds.  Head  capped.  Pile  bore  59  618 
pounds  without  settlement,  but  settled  slowly  under  62  500  pounds. 
Fall,  during  last  ten  blows,  regulated  to  5  feet  exactly.  Penetration, 
last  ten  blows,  ranged  from  one-fourth  to  one-half  inch;  mean  0.35 
inch;  last  blow,  three-eighths  inch. 

Case  7. — Buffalo.  Letter  to  the  writer  from  Mr.  W.  A.  Haven. 
Material,  wet  sand  and  gravel.  Piles  driven  in  nests  of  from  nine  to 
thirteen  piles.  Test  pile  of  beech,  20  feet  long  after  being  driven  and 
cut  off.  Driven  length,  20  feet;  3  feet  in  stiif  clay;  cross-section,  15 
inches  diameter  at  top.  A  load  of  50  000  pounds  remained  on  the 
pile  for  twenty-seven  hours,  but  produced  no  appreciable  effect.  The 
load  was  increased  20  000  pounds  at  a  time,  and  left  for  twenty-four 
hours  after  each  increase.  A  gradual  settlement  aggregating  five-eighths 
inch  took  place  under  75  000  pounds,  and  the  jule  then  came  to  rest. 
The  total  settlement  increased  to  1^  inches  under  100  000  j)ounds,  and 
to  3nj  inches  under  150  000  pounds.  During  the  exi^eriments  the 
ground  was  kept  in  a  tremor  by  the  action  of  three  pile-drivers  at  work 
on  the  foundations.  Subsequent  use  shows  that  74  000  pounds  is  a 
safe  load. 

Case  8.— Brooklyn,  N.  Y.,  1847^8.  Dry  Dock  at  Navy  Yard.  Wil- 
liam J.  McAlpine  in  Procs.  Inst.  C.  E.,  Vol.  XX^Til,  Session  1867-68, 
and  in  Journal  of  the  Franklin  Institute,  3d  series.  Vol.  LV,  Nos.  2  and 
3,  February  and  March,  1868.  Also,  the  "  Naval  Dry  Docks  of  the 
United  States,"  by  Charles  B.  Stuart,  New  York,  1852.  Material,  wet, 
loamy,  micaceous,  quartz  sand,  becoming  quicksand  wherever  it  was 
much  trodden. 

"  The  main  piles  were  mainly  round  spruce  spars,  vei-y  straight,  from 
25  to  45  feet  long,  averaging  a  driven  length  of  32  feet."  "They  were 
not  less  than  7  inches  in  diameter  at  the  smaller  end,  and  12  to  18  inches 
(on  an  average,  14  inches)  in  diameter  at  the  larger  end.  The  trial 
piles  averaged  12  inches  in  diameter  in  the  middle.  The  heads  of  the 
piles  were  protected."  The  piles  "  were  driven  in  rows  1\  feet  apart, 
and  at  transverse  distances  of  3  feet,  all  from  center  to  center."  But 
"  intermediate  jiiles,  of  very  tough  second  growth  oak,  were  frequently 
driven."  "  The  piling  machines  were  strongly  and  accurately  made, 
with  the  ways  bound  with  smooth  plates  of  iron. "  They  gave  about 
one  blow  per  minute.  A  .Nasmyth  hammer  was  used  also,  and  gave 
sixty  blows  per  minute.  I  have  assumed  that  some  of  the  piles  tested 
were  driven  by  it,  although  this  is  not  stated  in  the  reports.  The 
author  applies  the  test  to  a  penetration  of  0,  but  "the  average  distance 
driven  by  the  last  five  blows  was  1  inch."  We  therefore  take  the 
experiments  as  embracing  .s  =  0,  and  s  =^  0.2. 

As  the  result  of  the  tests  it  was  believed  that  for  a  pile  driven  33 
feet  into  the  earth  to  the  point  of  ultimate  resistance  with  a  ram  weigh- 
ing 1  ton   (2  240  pounds),   and  falling  30  feet  at  the  last  blow,  the 
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extreme  supporting  power  due  to  the  frictional  surface,  was  100  tons 
(224  000  pounds),  or  1  ton  per  superficial  foot  of  the  area  of  its  circum- 
ference. 

This  case  illustrates  the  criticism  already  made  of  Mr.  Crowell's 
formula  that,  like  Major  Sanders',  it  gives  excessive  loads  where  the 
penetration  is  very  small.  For  the  ordinary  machine,  our  formula 
here  gives  better  results  than  Mr.  Wellington's,  but  for  the  Nasmyth 
machine,  which  I  have  assumed  to  have  been  used  on  the  piles  tested, 
his  results  are  almost  exact,  while  ours  are  double  the  actual  load. 

Case  9.— Dordrecht,  Holland,  1872.  Bridge  over  the  Maas.  Tem- 
porary i^iles  under  staging.  Procs.  Inst.  C.  E.,  Vol.  XLII,  pages  213,  etc. 
The  author  informs  us  that  "the  staging  sank  fully  three-fourths 
of  an  inch,  and  during  their  erection  the  girders  had  constantly  to  be 
wedged  up  ";  but  leaves  it  to  the  ingenuity  of  the  reader  to  deduce  the 
other  data  required  for  our  present  purpose.  The  material  seems  to 
have  been  sand,  with  some  mud;  average  depth  of  water  18  feet  9 
inches;  maximiim,  22  feet  8  inches.  The  piles  seem  to  have  been, 
driven  either  by  a  steam  pile-driver  delivering  sixty  blows  per  minute 
with  a  ram  of  2  205  pounds  falling  30  inches,  or  by  "  an  ordinary  hand 
engine";  ram,  992  pounds;  fall,  6  feet  7  inches.  Both  cases  are  given, 
in  the  table.  However  this  may  be,  we  are  told  that  "some  of  them 
went  in  much  too  easily,  being  driven  three-fourths  of  an  inch  and  1^ 
inch  with  the  last  blows."  But  "it  was  arranged,  where  the  penetra- 
tion was  more  than  three-eighths  of  an  inch  on  the  average  of  the  last 
one  hundred  blows,  to  put  in"  additional  piles.  I  therefore  take 
three-eighths  of  an  inch  as  the  probable  penetration.  The  load  seems 
to  have  been  about  13  440  pounds  per  pile. 

Case  10. — Aquia  Creek,  Case  {h).     See  Case  1. 

A  pile  40  feet  long,  after  sinking  some  30  feet  with  its  own  weight 
and  that  of  a  2  000-pound  hammer,  was  given  a  blow  of  2-foot  fall,  after 
which  it  sank  6  J  inches  further  in  one  minute  under  its  own  weight  and 
that  of  the  hammer,  and  then  stopped.  Four  weeks  later  a  5-foot  blow 
failed  to  move  it,  and  a  blow  of  14  feet  drove  it  only  4^  inches.  This 
case  and  the  following  one  illustrate  strikingly  the  effect  of  time  in  in- 
creasing the  stability  of  a  driven  pile.  In  both  cases  the  blow  recorded 
was  delivered  four  weeks  after  the  settlement  iinder  the  load.  A  load 
applied  after  the  blow,  as  usual,  woiild  undoiibtedly  have  made  a 
better  showing  for  the  formulas. 

Case  11. — Aquia  Creek,  Case  (c).     See  Case  1. 

A  jaile  43  feet  long  received  two  blows  of  2  feet  each,  and  then  set- 
tled under  the  hammer  1^  inches  in  two  minutes.  Four  weeks  later 
it  penetrated  as  stated  in  the  table. 

Case  12. — Lake  Pontehartrain  Trestle,  La.,  1882.  Letter  from  Mr. 
G.  Boriscaren,  June  25th,  1892.  Facts  recited  by  Mr.  Bouscaren  at 
Convention.     About  6  miles  of  the  trestle  crossed  the  lake  proper,  and 
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the  remainder  (16  miles)  crossed  the  adjoining  sea-swamp.  Four-jjile 
bents,  15  feet  between  centers.  Material  of  swamp,  several  feet  of 
soft,  black,  vegetable  mould,  lying  upon  soft  clay,  with  occasional 
strata,  1  to  2  feet  thick,  of  sand.  Piles  sank  from  5  to  8  feet  of  their 
own  weight,  and  then  about  as  much  more  with  hammer  (about  2  500 
pounds)  resting  on  head  of  pile.  Two  piles  65  feet  long  were  driven, 
one  on  top  of  the  other,  and  penetrated  9  inches  with  over  100  feet 
driven;  but  a  30-foot  fall,  thirty  minutes  after  driving  a  pile,  gave 
only  three  inches  penetration."  Piles,  65  to  75  feet  long.  "Weight  w  of 
ram,  about  2  500  pounds.  Height  h  of  fall,  about  30  feet.  Penetration, 
3  to  12  inches.  I  have  taken  s  =3,  6,  9  and  12.  "No  settlement  has 
been  observed  in  the  entire  length  of  the  structure  to  date."  As  there 
were  four  piles  in  a  bent,  and  the  bents  were  15  feet  apart,  the  load 
on  each  pile  probably  has  not  exceeded  22  400  pounds.  Although 
the  extreme  load  is  not  given,  we  include  this  case  as  forming  an  inter- 
esting contrast  with  Case  3,  also  given  by  Mr.  Bouscaren. 

Case  13. — Small  experimental  piles.  "Eesistalice  of  Piles  to  be 
Ice-drawn,"  by  John  "William  James.  Procs.  Inst.  C.  E.,  Yol.  XLI, 
page  191.  Material  of  various  kinds,  chiefly  compact  sandy  clay,  com- 
pact gravelly  clay,  with  surface  soil,  sometimes  wet,  sometimes  dry. 
The  "piles  "  were  small  sticks  of  oak,  as  follows:  Square,  1  to  2  inches 
side;  cyKndrical,  1  to  2  inches  diameter;  flat,  3^  x  1  inch.  They  had 
points  of  different  shapes.  A  large  number  of  experiments  are  recorded, 
of  which  the  means  given  in  the  table  are  fairly  representative. 

Mr.  Crowell's  formula  is  hardly  applicable  to  a  case  like  this,  for 
we  have  no  way  of  finding  his  u,  which  is  |-  -\/  s',  where  s'  is  the  pene- 
tration as  it  would  be  under  a  blow  of  a  2  000-pound  ram  falling  20 
feet  or  other  equivalent  (?)  blow  of  40  000  foot-pounds.  Since  none 
of  the  loads  reach  2  000  pounds,  it  is  jjlain  that  the  mere  weight  of  a 
2  OOO-j^ound  ram  would  have  driven  the  pile  indefinitely,  and  we  can 
hardly  doubt  that  any  blow  of  40  000  f  oot-jjounds  would  have  done  the 
same  and  would  also  have  abruptly  terminated  the  exjjeriment. 

Case  14. — Ice-drawn  pile.  Observations  made  January,  February, 
March,  1873.  From  the  paper  quoted  in  Case  13.  Material  not  stated. 
Pile  about  12  inches  diameter,  under  a  bridge  constructed  during  the 
previous  year,  across  a  river  confined  by  a  milldam.  The  height  h  of 
fall  was  approximately  20  feet.  "  The  driver  was  worked  on  the  ice, 
and  equal  lengths  of  the  piles  did  not  project  above  its  surface  when 
the  last  blow  was  delivered."  The  penetration  s  is  said  to  have  been 
one-half  inch.  The  load  was  estimated  by  the  ujjlifting  force  of  ice. 
"The  i^iles  held  their  gi'ound,  and  the  ice  broke  away,  until  it  had 
attained  a  thickness  of  15  to  16  inches,  when  the  piles  began  to  come 
up."  The  lifting  force  was  estimated,  from  exi)eriments  by  the  author 
upon  small,  smooth  sticks,  at  18  850  pounds  per  pile.  Deducting 
weight  of  superstructure,  about  3  000  pounds,  leaves  15  850  pounds  as 
the  estimated  force  required  to  draw  the  i^ile. 
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In  view  of  tlie  smallness  of  tbe  actual  load  in  this  case,  it  may  reason- 
ably be  asked  whether  much  of  the  energy  of  the  blows  was  not  con- 
sumed in  overcoming  the  friction  of  the  piles  against  the  ice  through 
which  they  were  driven.  It  will  also  be  noticed  that  the  force  was  an 
up-lifting  one,  and  that  its  amount  was  estimated  by  means  of  the  ad- 
hesion of  ice,  as  derived  from  experiments  with  small,  smooth  sticks. 
The  weight  of  ram,  height  of  fall  and  penetration,  were  all  taken  by 
the  author  of  the  paper  at  hearsay,  from  a  man  who  had  worked  on  the 
bridge.  The  case  is,  in  fact,  one  of  exceptional  doubtfulness  in  all 
respects. 

Case  15. — Proposed  Cambria  Reservoir,  Philadelphia,  1883.  Notes 
by  the  writer.  Material,  wet,  decomposed  mica  schist.  A  wrought- 
iron  pipe,  3^  inches  outside  diameter,  3  inches  inside,  was  inserted  in 
a  bore-hole  6  inches  in  diameter  and  30  feet  deep,  and  driven  14  feet 
to  rock.  The  lower  end  of  the  pipe  was  dressed  to  an  annular  cutting 
edge. 

Load. — After  several  hours'  work  with  block-and-fall,  the  pipe  was 
jDulled  in  two  by  using  two  hydratilic  jacks  of  unequal  power,  one  on 
each  side,  by  means  of  which  the  pipe  had  been  raised  8  inches.  The 
fracture  took  place  in  the  thread,  where  the  wall  thickness  was  re- 
duced from  one-fourth  to  one-eighth-inch,  leaving  a  cross  sectional 
wall  area  of  3i  x  3.1416  x  |  =1.23  square  inches. 

Since  the  pipe  had  risen  slightly  under  the  pull  which  soon  after 
caused  its  rupture,  the  latter  was  evidently  about  equal  to  the  resist- 
ance of  the  pipe  to  being  withdrawn.  We  can  estimate  at  the  amount  of 
this  pull  by  estimating  the  tensile  strength  of  the  iron  at  the  point  of 
rupture.  The  conditions  of  the  experiment  were  very  crude,  but  con- 
sidering that  the  pijje  Avas  no  doubt  weakened  by  canting  from  side  to 
side  under  the  unequal  forces  exerted  by  the  two  jacks,  as  well  as  by 
repeated  blows  in  driving,  and  repeated  tensile  strains  in  drawing,  and 
by  the  removal  of  the  outer  "  shell  "  of  the  iron  in  cutting  the  thread, 
the  tensile  strength  could  hardly  have  exceeded  40  000  pounds  per 
square  inch,  and,  on  the  other  hand,  it  was  jierhaps  not  less  than 
20  000.  For  the  force  required  to  pull  the  pipe  asunder  (which  we 
assume  to  be  equal  to  the  upward  resistance  of  the  jjile,  or  "  extreme 
load  "),  we  have,  according  to  our  estimate  of  the  tensile  strength  : 

20  000  pounds  per  square  inch  x  1.23  square  inches  =,  say,  25  000 

pounds,  extreme  load. 
80  000  pounds  per  square  inch  x  1.23  square  inches  =,  say,  37  000 

jDounds,  extreme  load. 
40  000  i^ounds  per  square  inch  x  1.23  square  inches  =,  say,  50  000 

pounds,  extreme  load. 

Case  16. — Pensacola,  Fla.  Charles  B.  Stuart's  "Naval  Dry  Docks 
of  the  United  States."     Also,  a  paper  on  the  resistance  of  jjiles,  by 
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Hamilton  E.  Towle,  C.  E. ;  Annual  Keports  of  the  American  Institute, 
1867-68,  pi^.  890,  etc.  General  Delafield,  in  his  Memoir  on  Foundations 
in  compressible  soils,  pp.  18  and  20,  quotes  Stuart,  and  makes  this  ap- 
pear as  two  cases. 

Mateeiai,. — Clean,  hard,  sharjj,  white  quartz  sand.  All  the  sand 
would  pass  through  a  sieve  having  openings  one-twelfth  of  an  inch 
square.  Water  filtered  through  it  came  out  perfectly  clear.  One  cubic 
foot  of  it  would  hold  6  quarts  of  water.  The  2-ton  hammers  could  only 
drive  about  20  feet.     The  water  was  about  Hi  feet  deep. 

Seven  piles,  selected  as  representing  the  average  of  all,  were  tested, 
with  upward  pulls  of  20  000  jjounds  each  without  moving,  and  one  of 
these  was  afterward  tested  with  upward  i^ulls  sufficient  to  cause  motion 
(as  recorded  below)  and  finally  withdrawn.  This  pile  was  29  feet  long, 
16  feet  in  sand,  including  its  i^oint,  2  feet  long.  One  foot  of  this  length 
was  in  loose  sand,  which  had  been  excavated  and  had  fallen  back.  The 
average  diameter  of  the  j^art  in  the  sand  was  13^  inches,  including  the 
bark.  Weight  of  pile,  1  632  pounds.  This  pile  was  tested  two  months 
after  it  was  driven. 

Our  two  authors  have  refrained  from  giving  us  tr,  h  or  s  for  the 
trial  pile.  The  following  guesses  at  their  values  are  the  result  of 
laborious  study  of  their  remarks  respecting  the  foundation  piles  as  a 
whole,  and  are  to  be  taken  as  of  very  doubtful  correctness. 

1st.     «'  =  2  200,         7^  =  30,         s  =  0.5. 

2d.      10  =  4  100,         h  =  33,         s  =  0.0. 

3d.       w  =  4:100,         h  =  10,         8  =  0.6. 

The  tests  on  the  trial  pile  resulted  as  follows: 


78  000  pounds 
80  000       " 


82  000 

83  000 
60  000 
64  000 
74  000 
50  000 


.  .No  movement,  ] 

.  .Resisted  ^  minute,  and 

i.1  11  Rose  2^  inches 

then  rose  very  slowly,    \-  ■' 

..If  minutes,  |       ^^  30  minutes 

.   i  minute,  J 

. .  18  hours.     No  movement. 

[  Rose  3  inches  in  one  hour,  6  inches  in  all. 
. .  For  two  davs.     No  movement. 


The  very  small  loads  obtained  by  the  test  in  this  case  seem  to  con- 
firm the  view  already  expressed  that  the  resistance  of  a  jjile  to  an 
upward  pull  must  be  less  than  that  to  a  downward  iJressure.  This  is 
especially  noticeable  in  comparison  with  the  Brooklyn  tests,  Case  8, 
where  the  conditions  were  nearly  similar,  but  where  the  pile  (tested  by 
pressure)  bore  much  greater  loads.  The  sand  at  Pensacola  was  remark- 
ably pure,  and  hence  could  probably  exert  little  resistance  to  being 
broken  uj),  while  offering  great  resistance  in  the  opposite  direction,  as 
is  shown  by  Mr.  Towle's  statement  that  at  a  depth  of  15  feet  a  2-ton 
ram  (falling  33  feet)  rebounded  nearly  a  foot. 
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Case  17. — Albert  Dock,  Hull,  England.  Removal  in  January  and 
February,  1880,  of  coffer-dam  built  in  1874.  "Note  on  the  Friction  of 
Timber  Piles  in  Clay,"  by  Artliur  Cameron  Hurtzig,  Procs.  Institution 
of  Civil  Engineers,  London,  Vol.  LXIV,  Session  1880-81,  Part  II. 

Matekiaxi. — Compact  bluish  clay,  above  which  there  were  from  3  to 
5  feet  of  peat,  and  above  this  silt  and  sand  in  places.  Piles  of  ordi- 
nary rough  Memel  bark  timber,  from  10  x  12  to  14  x  15  inches.  Average, 
12J  inches  square.  From  20  to  40  feet  long;  average,  40  feet.  Driven 
length,  from  6  to  30  feet;  average,  18^  feet.  Most  of  the  piles  were 
driven  from  10  to  20  feet  into  the  clay  and  were  nearly  or  quite  in  that 
material  alone;  but  a  few  of  the  shorter  piles,  driven  m  a  sloping  side 
of  the  dock,  were  entirely  in  the  silt,  while  a  few  others  entered  the 
peat  without  reaching  the  clay.  The  piles  were  driven  close  together 
in  two  rows  5  feet  apart,  forming  a  cofifer-dam,  the  space  between  the 
two  rows  having  been  filled  with  puddled  clay  "to  above  high  water- 
mark. "  Before  the  piles  were  withdrawn  the  puddle  was  removed  down 
to  a  level  "  rather  under  high  water-mark  of  ordinary  neap  tides." 

The  height  h  of  fall  varied  from  5  to  6  feet,  and  the  penetration  s 
from  0.5  to  0.75  inch.  I  have  taken  the  extreme  cases.  Four  hundred 
and  twenty  piles  were  withdrawn  and  300  observations  recorded.  The 
force  was  applied  by  men  working  a  winch  and  estimated  by  testing 
that  of  the  men  in  lifting  known  weights.  The  piles  were  drawn  consecu- 
tively, so  that  one  side  of  each  pile  was  nearly  or  quite  free  from  frictional 
contact,  the  opposite  one  was  in  loose  contact  with  the  adjoining  pile, 
and  only  the  remaining  two  sides  resisted  by  friction  with  the  ground. 

The  average  total  force  required  to  draw  a  pile  was  75  869  pounds. 
The  author  deducts  from  this  2  340  povinds  (=  12  x  12  inches  x  15 
pounds  per  square  inch)  for  suction,  and  2  240  pounds  for  the  weight 
of  the  pile,  leaving,  say,  71  300  pounds  as  the  frictional  resistance  to 
drawing  the  pile. 

J.  FosTEK  Ceowell,,  M.  Am.  Soc.  C.  E.— I  want  to  reply  briefly  to  one 
or  two  points  which  Mr.  Wellington  has  made.  So  far  as  the  mathe- 
matical demonstration,  which  (refei-ring  to  the  figures  on  the  black- 
board) he  says,  is  the  only  satisfactory  one  that  can  be  made  is  con- 
cerned, I  have  nothing  at  present  to  say.  The  object  of  the  paper  is 
to  present  clearly  what  the  usual  complications  in  practice  are  and  to 
suggest  a  way  out  of  them  to  a  more  simple  treatment.  Mr.  Welling- 
ton has  not  read  my  paper  very  carefully  or  he  would  have  seen  that 
instead  of  advocating  small  penetrations  I  expressly  recognized  the 
contrary  principle  and  stated  that  too  much  importance  was  placed  on 
small  sets.  I  agree  with  him  in  thinking  that  an  ordinary  penetration 
is  proper.  I  agree  with  him  that  penetrations  of  much  less  than  1 
inch  come  nearer  to  results  that  can  be  treated  with  suspicion,  and  I 
have  stated  that  the  only  reference  to  the  smaller  jjenetration  in  the 
table  was  to  show  the  theoretical  limit  to  the  aj)plication  of  the  modi- 
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fied  formula  in  the  extreme  case.     I  stated  that  I  did  not  believe  in 
considering  very  small  penetrations. 

There  is  one  other  point  which  I  do  not  think  Mr.  Wellington 
traverses  either.  I  am  very  glad  to  know  by  the  way  that  Mr.  Well- 
ington is  the  author  of  the  Engineering  News  formula  and  I  think 
my  paper  is  a  support  of  that  formula;  but  in  using  it  I  find  that 
where  conditions  are  very  favorable  his  formula  gives  lower  results 
comjDaratively  than  when  they  are  not ;  when  everything  is  very  near 
right  the  results  are  somewhat  lower  than  I  feel  justified  in  adhering 
to.  His  statement  that  the  formula  with  the  constant  1  exjjresses  the 
extreme  condition  is,  I  think,  only  correct  when  applied  to  piles  of  a 
certain  size.  The  reason  for  varying  that  constant  1  is  to  make  it 
applicable  to  different  conditions;  I  will  admit  that  this  is  a  refine- 
ment that  need  not  always  be  gone  into.  But  if  we  are  not  going  to 
be  governed  by  an  absolute  empirical  value  of  the  constant  in  all 
cases,  a  means  of  varying  that  value  to  suit  the  exigencies  or  necessities 
that  engineers  TS'ill  discover  when  driving  piles,  seems  to  me  a  desii-able 
end.  I  have  frankly  confessed  I  was  compelled  to  adopt  Mr.  Welling- 
ton's formula  and  only  suggested  how  it  could  be  imjiroved.  I  en- 
dorse practically  everything  Mr.  Wellington  has  said  about  unneces- 
sary refinements.  The  oi^eration  of  driving  a  pile  is  a  very  crude 
one  at  the  very  best.  All  this  investigation  applies  more  to  the  stratum 
underneath  the  pile  than  to  the  jDile  itself.  The  jjile  itself  is  an  indi- 
cation of  what  is  going  on  below.  In  practical  work  I  have  gone  to 
the  expense  of  driving  very  long  piles  way  below  the  jiiles  I  was  going 
to  use,  in  order  to  ascertain  the  conditions,  and  have  used  the  same 
general  princijile  of  the  standard  blow  as  in  this  formula. 

I  have  only  a  word  or  two  to  say  in  regard  to  Mr.  Trautwine's 
discussion;  first,  to  thank  him  for  the  care  and  thought  he  has  ex- 
pended in  getting  together  these  statistics  to  help  throw  light 
on  the  general  subject;  and,  secondly,  to  relieve  his  mind  of  the  fear 
that  seems  to  exist,  as  to  the  correctness  or  the  thoroughness  of  the 
comparison  in  diagram  No.  2,  of  the  two  curves  of  the  Trautwine 
formula.  Those  curves  exactly  rej^resent  two  conditions  of  the 
formula;  the  first,  the  formula  as  it  ajjpears  in  the  first  edition  of 
Trautwine's  "Engineers'  Pocket  Book,"  which  appeared  in  1872, 
and  of  which,  I  believe,  I  am  the  possessor  of  the  first  copy  given  to  the 
public.  In  that  originally — it  was  the  same,  I  think,  in  one  or  two 
editions — the  formula  is  in  this  shape: 

Cube  root  of  fall  Weight  of  hammer       r.^ 

Extreme  load in  feet  in  tons, 

in  tons,  Set  in  inches  -\-  1. 

If  the  weight  of  hammer  be  given  in  pounds,  the  coefficient  becomes 

S-Trr^  =  -0268  and  we  have  L  (in  tons)  =  V^   X   .0268   ^^  ^^  ^^^^  g^._ 
2  240  ^  ^  s  _^  1. 

tions. 
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In  the  later  editions  the  formula  has  been  changed  only  in  one 
respect — the  decimal  has  been  changed  to  .023.  The  maximum  load 
represented  on  the  first  formula  is  one-half,  while  on  the  second  it  is 
one-third.  In  preparing  the  diagram,  I  took  the  modern  edition,  but 
it  occurred  to  me  that  perhaps  some  of  the  members,  in  examining  the 
papers,  would  refer  to  their  earlier  editions  of  the  book  in  which  the 
other  value  would  be  given,  so  I  plotted  the  two  curves  to  represent 
the  two  conditions. 

Mr.  Trautwine  has  said  that  it  was  difficult  to  ascertain  the  con- 
ditions in  regard  to  those  piles  that  were  driven  at  the  Brooklyn  Dry 
Dock  because  he  had  some  difficulty  in  admitting  "nandnj."  My 
modification  is  not  intended  to  be  retroactive. 

In  reference  to  one  other  point  where  in  stating  the  view,  in  which 
I  think  he  agrees  with  me,  that  with  his  formula  a  low  fall  gives  ex- 
cessive values,  he  intimates  that  in  most  cases  there  would  not  be  very 
low  falls.  I  will  state  that  the  average  stroke  of  a  Nasmyth  steam 
hammer  in  ordinary  use  would  be  from  2 J  to  3 J  feet;  in  ordinary 
circumstances,  the  weight  of  ram  is,  say,  5  500  pounds.  If  we  take 
this  weight  with  the  fiall  stroke  40  inches,  there  would  be  develoi:)ed  a 
blow  of  18  315  nominal  foot-pounds;  now,  if  we  were  to  take  a  hammer 
of  2  000  pounds  and  divide  this  value  by  the  2  000  pounds  we  would 
find  that  we  would  require  a  fall  of  9  niVir  feet  to  produce  the  same 
blow,  neglecting  resistances  in  each  case.  Now,  applying  the  Trautwine 
formula  (later  form)  in  the  first  case,  you  will  find  we  obtain  70  368 
pounds  as  maximum  load,  but  in  the  second  case  only  35  838  pounds, 
or  just  about  one-half;  that  shows  that  this  objection  to  the  ciil>e  root 
is  not  a  theoretical  objection  when  the  steam  hammer  is  used,  and  I 
think  those  who  have  occasion  to  drive  many  piles  will  make  more 
use  of  the  steam  hammer  in  the  future  than  in  the  past. 

Chaeles  B.  Bkush,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  the  discussion 
that  we  have  had  this  morning  has  been  interesting  and  suggestive.  It 
has  been  valuable  because  it  is  suggestive,  but  we  ought  to  consider 
that  it  has  been  purely  theoretical.  It  is  based  on  the  asstimption  that 
there  is  a  comparative  uniformity  in  the  soil  which  we  are  penetrating, 
and  the  conditions  under  which  we  are  operating.  If  there  is  a  lack  of 
uniformity,  the  whole  theory  falls  to  the  ground. 

There  are  two  things  to  be  considered  in  driving  piles  :  First,  that 
the  pile  is  driven  home  ;  second,  that  after  it  is  driven  home,  it  is  not 
broomed.  The  danger  is  in  continuing  to  drive  after  a  pile  is  thor- 
oughly bedded,  and  thus  brooming  the  pile.  This  is  not  theoretical,  it 
is  a  practical  danger.  I  have  known  a  number  of  instances  affecting 
large  buildings  where  serious  results  have  followed.  The  danger  con- 
sists in  the  fact  that  often  we  do  not  apply  our  common  sense,  but  do 
apply  a  formula  to  a  condition  which  is  continiially  changing,  and  the 
result  is  that  we  drive  our  piles  too  hard,  or  not  hard  enough.     Our 
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discussion  has  been  pursued  on  the  basis  that  we  are  driving  through 
uniform  material. 

It  seems  to  me  that  there  is  only  one  safe  way  to  proceed  where  we 
have  to  pile  the  foundations  of  the  class  of  important  buildings,  such 
as  are  enumerated  on  page  112,  to  which  this  paper  and  this  discussion 
especially  refer.  Boiings  should  first  be  taken  to  determine  the  char- 
acter of  the  material  to  be  penetrated.  We  should  also  rely  on  the  indica- 
tions as  the  work  proceeds.  I  do  not  think  it  is  safe  to  rely  on  formulas. 
Exj^erienced  men  should  be  epiployed,  and  if  the  borings  showing  the 
strata  to  be  penetrated  are  furnished  to  them,  the  pile  can  be  driven 
with  perfect  safety.  A  penetration  of  less  than  half  an  inch  indicates 
the  probability  that  the  pile  is  driven  home. 

Mr.  Wellington. — Mr.  Brush's  argument  is  a  good  one  from  his 
premises,  but  it  would  be  stronger  and  more  valuable  if  his  premises 
had  been  right.  He  assumed  that  this  has  been,  so  far,  a  theoretical 
discussion  of  the  formulas.  In  a  sense  this  is  true,  but  what  are  the 
formulas  ?  They  are  simply  the  closest  possible  application  of  known 
physical  laws  to  the  known  facts  of  experience.  They  simply  say  that 
when  you  have  driven  a  pile  into  the  ground  and  observed  its  rate  of 
penetration  under  given  blows,  you  know  all  that  you  can  know  about 
the  resistance  of  that  particular  soil  to  that  particular  pile,  and  that  it 
remains  only  to  determine  how  large  a  proportion  of  the  resistance 
observed  you  are  warranted  in  placing  upon  it  as  a  safe,  permanent 
load.  That  part  of  the  question  is  necessarily  theoretical,  but  its 
basis  is  the  eminently  practical  observations  on  each  successive 
pile.  Mr,  Brush  proposes  as  a  substitute  to  such  reasoning  from 
actual  observations  of  set,  to  start  in  beforehand  and  put  down  a 
test  pit,  and  from  the  general  look  of  this  pit  to  guess  how  much  his 
piles  will  bear  after  he  has  driven  them.  In  most  cases  it  is  utterly 
impracticable  to  put  down  test  pits  in  soil  demanding  piling  to  a  dejDth 
considerably  below  the  probable  depth  of  the  piles,  which  is  what 
must  be  done  to  have  the  test  pits  of  any  use;  and  even  supposing  them 
sunk,  I  do  not  see  that  he  has  got  anything  but  simply  guessing  after 
all.  Each  pile  as  it  is  driven,  if  projjerly  observed,  makes  for  itself 
the  best  possible  test  pit  for  the  end  in  view.  The  great  fact  which 
you  need  to  know,  and  the  only  fact  which  materially  aids  the  judg- 
ment is  :  what  was  the  resistance  to  penetration  of  the  pile  when 
driven  home,  and  was  this  penetration  uniform  or  not  ?  The  only 
thing  remaining  to  be  determined  is  :  what  proportion  of  that  resist- 
ance you  can  trust  to  in  practice  ?  That  is  the  fact  we  have  been  dis- 
cussing, necessarily  from  a  theoretical  standpoint. 

G.  BouscAKEN,  M.  Am.  Soc.  C.  E. — I  think  the  trouble  about  apply- 
ing a  formula  to  pile-driving  is  that,  in  doing  so,  we  gauge  the 
resistance  of  the  soil  from  the  penetration  of  the  i)ile  while  it  is  being 
driven.     It  often  occurs  that  the  resistance  of  the  soil  is  greater  when 
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the  pile  is  being  driven  than  it  is  after  the  pile  is  driven,  and  vice 
versa.     Here  are  some  examples  which  occurred  in  my  j)ractice. 

In  driving  piles  for  trestles  for  railroads  through  Illinois,  I  had 
adopted  the  riile  to  stop  the  pile-driving  at  the  penetration  of  1  inch  ; 
the  hammer  weighed  from  1  800  to  2  200  j^ounds,  the  fall  was  about  25 
feet.     I  generally  found  the  rule  to  work  very  well. 

When  I  came  to  build  a  railroad  in  LoiTisiana  through  the  swamps  of 
Lake  Pontchartrain,  I  found  that  the  penetration  of  a  65-foot  pile  under 
the  last  blow  of  a  2  500-i)ound  hammer,  falling  25  or  30  feet,  was  from 
9  inches  to  12  inches.  Putting  two  of  these  piles,  one  on  toj)  of  the 
other,  and  having  a  total  penetration  of  120  feet,  the  penetration  under 
the  last  blow  was  still  9  inches.  I  thought  I  would  see  what  the  i^ene- 
tration  would  be  if  I  gave  the  jiile  a  rest,  and  I  stopped  the  driving 
about  twenty-five  minutes  after  the  pile  had  gone  in  about  40  feet ; 
the  first  blow  of  the  hammer,  when  the  driving  was  resumed,  gave  a 
penetration  of  li  inches.  I  concluded  in  this  case  not  to  consider  the 
penetration  under  the  last  blow,  but  to  use  piles  from  60  to  70  feet  long. 
About  22  miles  of  trestle-work  were  built  that  way,  and  none  of  the 
piles  ever  settled. 

Here  is  a  case  which  is  the  opposite.  I  built  a  jjile  trestle  across 
what  was  then  called  the  "  Slough,"  back  of  Bloody  Island,  in  East 
St.  Louis.  It  was  built  with  three  pile  bents,  the  penetration  there 
was  from  2^  to  3  inches,  less  than  one-third  of  what  it  was  in  the  case 
of  the  Lake  Pontchartrain  trestle,  and  within  two  weeks  after  the  bridge 
was  opened,  we  could  not  get  a  train  over  it ;  it  had  settled  irregularly 
from  1  to  2  feet.  That  was  in  1867,  when  locomotives  were  much  lighter 
than  they  are  now. 

It  is  often  impossible  to  tell,  without  actual  expei-ience,  what  reli- 
ance can  be  placed  on  the  resistance  of  the  soil  as  evidenced  by  the 
penetration  of  the  pile. 

C.  Wheelee  Dukham,  M.  Am.  Soc.  C.  E. — In  1870  I  was  engineer 
for  the  Chicago  and  Northwestern  road,  in  charge  of  the  extension  of 
the  line  from  Madison  to  the  Mississippi  Eiver,  at  La  Crosse.  One 
part  of  the  line  crossed  a  marsh  in  which  there  was  a  stream  of  perhaps 
30  or  40  feet  in  width,  requiring  aboiit  800  feet  of  bridging.  The  piles 
were  ordered  45  feet  in  length.  When  we  came  to  drive  them,  the  piles 
went  down  to  within  a  foot  of  the  surface  without  a  blow  of  the  ham- 
mer at  all,  they  were  simply  jjushed  down  by  the  hammer  resting  upon 
them.  We  saw  that  these  45-foot  piles  would  not  answer  the  purpose, 
so  we  stopped  operations  to  get  a  new  lot  of  longer  piles.  I  forget 
exactly  the  circumstances  which  caused  us  to  try  these-  piles  a  second 
time  in  a  day  or  two,  but  we  found  then  that  they  did  not  budge  under 
a  fall  from  the  full  drop  of  the  hammer;  it  woiild  not  stir  them  at  all. 
So  we  pushed  the  balance  of  those  piles  down  in  the  marsh  for  the  800 
feet  of  distance,  capped  them  and  built  trestle-work  upon  them,  and  I 
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suppose  they  are  carrying  the  Chicago  and  Northwestern  road  to  this 
day. 

L.  M.  Haupt,  M.  Am.  Soc.  C.  E. — I  think  that  it  might  be  of  interest 
to  the  members  to  know  how  piles  were  driA'en  in  this  vicinity  even 
without  a  hammer.  On  the  Eastern  Shore  it  is  the  practice  in  buihling 
small  wharves  for  the  fruit  trade  and  light-draft  steamers,  to  take  the 
trees  of  the  neighboring  forests,  and,  after  erecting  a  temporary  staging 
with  a  projecting  cantilever  upon  which  two  darkies  can  stand,  a  j^ileis 
placed  between  them  and  is  rocked  to  and  fro,  its  toe  resting  on  the  bottom, 
until  by  its  weight  and  the  swaying  motion,  it  beds  itself  to  the  required 
depth.  Any  cessation  of  the  movement  causes  the  sand  to  settle  and 
pack  around  the  pile  so  quickly  that  it  is  impossible  for  the  men  to 
start  it  again.  In  this  way  the  work  is  done  very  cheaply  and  efficiently 
with  an  inexpensive  plant.  In  the  cases  cited  by  Mr.  Bouscaren,  I 
think,  possibly,  the  firmness  of  the  piles  in  -the  Louisiana  swamps  is 
due  to  an  under  stratum  of  sand  which  settles  around  and  clamps  them 
in  place.  In  the  other  case  mentioned,  back  of  St.  Louis,  there  must 
have  been  some  mud  which  was  easily  moved  by  a  current.  I  should 
be  pleased  to  know  more  about  the  sections  through  which  they  were 
driven. 

WrLLiAM  P.  CKAiGHHii/,  M.  Am.  Soc.  C.  E. — I  have  just  been  in- 
formed of  a  peculiar  case  of  pile-driving  that  occurred  in  some  work  in 
charge  of  a  friend  of  mine  who  was  improving  the  Caloosahatchee  River 
in  Florida,  where  he  had  to  drive  jules  and  had  no  pile-driver;  the 
piles  also  were  of  a  kind  that  would  not  last  long  under  the  blow  of  a 
ram.  The  situation  was  peculiar;  he  disposed  of  it  in  the  following 
way,  and  I  would  be  glad  if  the  gentleman  would  give  attention  be- 
cause I  want  to  get  a  formula  which  will  a])ply  to  cases  of  that  sort. 
Fortunately,  he  had  a  very  fat  man  in  his  party,  so  that  after  placing 
the  i^ile  on  end,  he  put  this  fat  man  on  top  of  the  pile;  this  gave  the 
first  motion  to  the  pile.  In  order  to  keep  up  the  interest  in  the  sub- 
ject he  got  two  or  three  men  to  shake  the  pile  vigorously  and  try  to 
shake  the  man  ofi".  That  was  the  am^ising  part  of  the  operation;  they 
shook  the  jjile  and  the  fat  man  clung  on.  Fortunately,  there  was  a 
water-jet  available,  so  that  with  all  these  contrivances  the  piles  were 
carried  down  to  the  rock,  but  I  should  like  to  know  in  the  next  edition 
of  the  formula  the  form  it  would  take  to  cover  that  case. 

W.  M.  Black,  M.  Am.  Soc.  C.  E. — I  cannot  tell  you  very  much 
about  the  bearing  qualities  of  jiiles,  but  I  would  like  to  invite  the  at- 
tention of  the  Society  to  the  lack  of  formulas  and  data  regarding  the 
safe  load  for  piles  sunk  by  the  water-jet.  This  method  of  sinking  piles 
is  coming  more  and  more  into  use.  It  has  been  used  for  many  years 
by  the  United  States  Government  Engineers  in  their  work,  and  is  now 
used  quite  generally  in  sandy  soils  all  over  the  country. 

Some  years  ago  iron  screw  piles  were  used  in  the  Government  Pier 
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at  Lewes,  Delaware.  In  attempting  to  screw  them  down  into  position 
the  friction  was  so  great  that  several  were  broken  by  torsion.  A  water 
jet  was  then  applied  to  the  top  surface  of  the  screw  blades  and  the 
sinking  was  successfully  accomijlished. 

The  "live-load  method"  of  pile-driving  in  the  Caloosahatchee 
River,  as  described  by  Colonel  Craighill,  ])roved  very  efiective.  From 
150  to  170  liiles  were  sunk  daih'^  to  a  dejjth  varying  from  4  to  6  feet  in 
the  sand,  by  the  aid  of  a  water-jet.  These  could  not  have  been 
driven  by  the  ordinary  method,  even  had  the  necessary  plant  been 
available. 

In  southern  waters  special  precautions  ai*e  necessary  with  pile-work 
to  avoid  the  ravages  of  the  teredo.  One  plan  is  to  use  wood  which  they 
attack  but  little.  In  Florida,  the  jjalmetto  is  extensively  used  for  this 
reason.  As  is  well  known,  this  wood  has  a  hard  shell  and  soft  interior, 
like  a  cornstalk,  it  will  not  bear  a  heavy  blow  from  a  hammer.  In  one 
case  palmetto  i^iles  had  to  be  sunk  to  a  depth  of  from  12  to  15  feet 
throiigh  hard  sand.  This  was  done  successfully  by  the  water-jet  aided 
by  light  taps  from  a  hammer.  A  slight  protection  was  given  to  the 
point  of  the  piles  by  sheet  iron.  The  pile  to  be  sunk  was  raised  to 
jjosition  and  the  hammer  placed  on  it.  The  water-jet  was  then  applied. 
TMien  the  descent  of  the  pile  became  too  slow,  a  light  blow  was  given  by 
a  hammer  fall  of  3  to  6  inches.  The  pile  was  given  a  slight  motion  of 
vibration  and  the  pile  and  the  water  pipes  were  kept  moving  constantly 
to  prevent  the  sand  from  closing  in  and  holding  them.  This  seems  to 
me  an  important  jjoint  in  pile-driving  which  has  not  been  much 
touched  on  in  this  discussion — the  necessity  for  keeping  the  pile 
moving. 

In  using  the  water-jet,  we  found  it  necessary  to  have  the  quantity 
of  water  ample.  In  fact,  we  found  the  essential  to  be  quantity  rather 
than  velocity.  The  velocity  had  to  be  sufficient  to  cause  the  water  to 
penetrate  the  sand  below  the  foot  of  the  pile  and  make  it  "live  "  or 
"quick,"  and  the  quantity  so  great  that  the  water  had  to  escape  by 
rising  along  the  skin  of  the  pile,  preventing  surface  friction. 

In  the  surveys  of  the  harbors  of  St.  Augustine  and  Key  West,  bor- 
ings had  to  be  made  through  the  sand,  to  depths  varying  from  12  to 
30  feet.  This  was  done  by  means  of  the  water-jet,  and  the  method 
adopted  illustrates  its  action.  In  compact  sand  a  2-inch  pipe  was 
coupled  to  the  discharge-pipe  of  a  hand-pump  and  forced  down  to  a 
depth  of  from  5  to  10  feet.  When  it  was  stopped  by  the  sand  closing 
in  on  it,  a  1-iuch  pipe  was  coupled  in  its  place,  lowered  through  the 
larger  pipe  and  forced  down  to  the  required  dej^th.  The  water  rose 
along  the  surface  of  the  small  pijse  and  through  the  annular  space 
between  the  two  pipes,  bringing  with  it  samples  of  the  strata  of  sand 
penetrated.  Thin  strata  of  shell  gravel  were  also  bored  through  by 
this  apparatus. 
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Chakles  Wabren  Htjnt,  M.  Am.  Soc.  C.  E. — At  the  pier  at  Lewes, 
Delaware,  of  which  Caijtain  Black  has  spoken,  the  piles  were  of  solid 
wrought  iron,  from  22  to  45  feet  in  length,  and  from  5j  to  8  inches  in 
diameter,  with  cast-iron  screws  2^  feet  in  diameter.  When  the  work 
was  in  an  experimental  stage,  the  attemj^t  was  made  to  screw  down 
the  piles  into  comi^act  sand  with  the  aid  of  a  jet  of  water  forced 
between  the  flanges  of  the  screws  to  the  under  side  of  the  flanges. 
This  was  not  successful,  several  of  the  jnles  being  broken  by  torsion. 
An  inspection  of  the  screws  developed  the  fact  that  the  greatest  fric- 
'tion  was  on  the  upper  surface  of  the  flanges,  and  it  was  found  that, 
when  the  jet  was  apj^lied  to  the  latter,  no  more  difficulty  was  experi- 
enced, and  all  the  piles  in  the  pier  were  placed  in  that  way. 

The  gain  by  the  use  of  the  water-jet  on  these  screw-piles  was  meas- 
ured mechanically,  and  was  stated  in  the  Report  of  the  Chief  of 
Engineers,*  as  follows:  "That  ruths  of  the  total  pressure  on  the  rope 
which  connects  the  power  wdth  the  resistance  at  once  disappears,  in 
effect,  on  the  apj)lication  of  the  water-jet." 

Egbert  B.  Stanton,  M.  Am.  Soc.  C.  E. — As  shown  by  the  discus- 
sion this  morning  of  Mr.  Crowell's  paper,  it  seems  to  me  the  principal 
value  of  this  investigation  is,  to  arrive  at  some  method  of  establishing 
the  safe  load  we  can  put  ui^on  piles,  after  they  have  been  driven,  not 
only  into,  but  in  some  cases  through,  various  kinds  of  material. 

I  shall  not  take  up  your  time  in  giving  you  any  of  my  experiences 
in  pile-driving,  although  I  have  had  considerable  in  the  Western 
States;  but  I  only  want  to  make  a  suggestion  for  the  continuation  of 
this  investigation,  and  the  extension  of  the  formulas  that  have  been 
given  in  the  pajier.  Every  one  seems  to  have  treated  the  pile  as  a 
column,  resting  upon  a  foundation,  which  will  be  reached  by  this 
method  of  driving  with  a  heavy  hammer,  and  the  formulas  are  all  made 
with  this  as  a  basis. 

Now,  from  my  experience,  and  such  experiences  as  have  been  related 
by  Mr.  Durham,  Mr.  Trautwine,  and  others,  what  we  need  is  some 
means  of  ascertaining  the  safe  load  that  may  be  placed  upon  jsiles 
that  have  been  driven  into  certain  materials  that  hold  the  joile  and 
the  structure  upon  it,  by  the  pressure  or  grip  upon  its  sides,  exerted 
by  the  material,  not  during  the  blows  of  the  hammer,  but  more  or 
less  shortly  afterwards.  This  "grip"  is  not  simply  friction;  it  is 
something  more.  The  end  of  the  pile  is  practically  through  the 
material,  and  rests  ujion  nothing.  It  is,  then,  not  a  column.  Cannot 
Mr.  Trautwine  put  together  the  data  he  has  gathered,  and  give  us 
some  light  upon  this  point? 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — With  reference  to  the  use 
of  concrete  filling,  to  avoid  corrosion  in  cast-iron  piles,  I  would  ask 
if  any  one  present  has  known  cast  iron,  -with  its  original  sandy  sur- 
face, to  corrode  in  sea  water. 

*  Report  of  Chief  of  Engineers,  1873,  p.  860. 
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Captain  Black. — I  have  seen  instances  of  cast  iron  corroding  in 
salt  water,  tliotigli  with  white  cast  iron  the  corrosion  is  very  slow. 

L.  M.  Haupt,  M.  Am.  Soc.  C.  E. — In  this  discussion  there  has  been 
no  reference  made  to  a  very  recent  experience  in  sinking  caissons  as 
well  as  piles  by  pneumatic  process.  I  rise  to  call  attention  to  the  exjae- 
rience  of  Mr.  J.  P.  Nelson  in  sinking  caissons  at  one  of  the  inlets  of 
the  Gulf  coast  by  means  of  the  pneumatic  i^rocess.  There  are  a  number 
of  nozzles  arranged  around  hooj)s  which  are  not  quite  large  enough 
to  fill  the  interior  of  the  caisson.  These  are  placed  inside  the  cylin- 
drical caissons  which  are  open  at  top  and  bottom.  In  fact,  they  are 
merely  large  sections  of  wooden  tubing  16  feet  long  and  about  8 
feet  in  diameter  which  are  jjlaeed  vertically  and  in  contact.  The  jet 
is  api^lied  to  each  in  succession  and  it  is  rapidly  sunk  to  the  required 
depth.  By  this  process  from  75  to  80  linear  feet  of  revetment  is  built 
in  a  day.  The  caissons  are  then  filled  to  the  top  with  sand  and  will  be 
covered  with  rip-rap  as  rapidly  as  it  can  be  obtained.  The  two  parts 
of  the  striicture  are  designed  for  mutual  j^rotection,  the  one,  from 
teredo;  the  other,  from  waves. 

William  Watson,  M.  Am.  Soc.  C.  E. — That  mode  of  sinking  j^iles 
and  masonry  curbs  was  very  extensively  practiced  by  the  engineers  of 
Calais  and  also  in  crossing  the  Marmande  in  the  south  of  France.  It 
is  hardly  worth  while  to  enter  into  the  details  of  the  subject  at  present, 
but  it  will  be  found  very  fully  discussed  in  the  forthcoming  United 
States  Report  on  tlie  Paris  Exjiosition,  which  is  already  printed,  but 
not  yet  ready  for  distribution. 

Fkank  W.  Skinner,  M.  Am.  Soc.  C.  E. — There  is  one  jDoint  for  con- 
sideration in  the  sinking  of  piles  by  jets  that  has  not  been  touched 
upon  that  is  perhaps  not  very  important,  but  is  of  some  particular  use 
occasionally  ;  that  is,  the  sinking  of  piles  in  a  limited  headroom.  An 
instance  in  point  was  the  recent  removal  of  the  Hotel  Brighton  at 
Coney  Island.  It  was  in  great  danger  of  being  destroyed  by  the 
encroachments  of  the  sea  in  winter  storms.  The  building,  700  to  1  000 
feet  front,  was  moved  up  as  a  whole  several  hundred  feet  back  from 
the  water,  and  then  replaced  on  pile  foundations  ;  there  Avas,  practically 
speaking,  no  headroom  at  all  to  set  those  new  piles,  and  it  was  aecom- 
jjlished  very  successfully  and  rapidly  by  the  jet  system  Avhich  enabled 
them  to  form  a  cavity  for  the  pile  to  be  rocked  and  twisted  into  posi- 
tion in. 

I  knew  of  another  instance  in  connection  with  the  building  of  the 
Jumping  Point  Bridge  at  Seabright,  N.  J.  The  piles  had  been  driven 
before  my  arrival  there  so  that  I  did  not  see  the  exact  operation,  but 
as  nearly  as  I  could  ascertain  afterwards  they  were  intended  to  be 
sunk  by  pumping  water  through  the  interior  of  a  hollow  cast-iron  jjile 
and  allowing  it  to  escape  through  the  conical  screw  disc  of  the  pile 
which  had  i^erforations  in  the  center.      It  was  not  very  successful  and 
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a  good  many  piles  were  driven  down  with  a  large  heavy  ram ; 
after  they  went  down  a  few  feet  the  bottom  was  found  hard  and  caked 
and  it  was  very  difficult  to  get  a  grip  on  the  sand,  which  broke  u-p  in 
chunks.  After  the  bridge  was  constructed  a  good  many  of  the  piles 
had  to  be  replaced,  both  through  breakage  in  driving  and  through 
distortion  and  displacement  afterwards. 

Captain  Black. — Was  that  in  a  case  of  water- jet  used  in  gravel?  I 
do  not  believe  that  the  water-jet  acts  by  scouring  away  the  sand  at  the 
bottom  of  a  pile,  but  by  making  it  quick,  and  by  taking  away  the 
skin  friction  on  the  pile.  It  is  essential  that  the  sand  should  be  fine 
enough  and  close  enough  to  make  the  line  of  least  resistance  for  the 
escaping  water  along  the  skin  of  the  pile. 

Mr.  Skinsek. — My  recollection  is  that  the  pile  did  not  reach  the 
gravel  bed. 

F.  P.  Davis,  M.  Am.  Soc.  C.  E. — The  Captain  says  that  he  does  not 
think  that  the  water  causes  a  scouring  out  under  the  pile.  I  had  occa- 
sion to  drive  some  piles  through  very  hard,  comj^act  sand  where  it 
would  take  200  blows  of  the  hammer,  falling  from  20  to  30  feet  to  drive 
the  piles  20  feet.  I  have  seen  the  piles  stick,  the  water  still  being 
applied.  By  gi^^ng  a  light  blow  with  the  hammer  the  pile  would  take 
a  sudden  start  and  go  from  4  to  5  feet,  showing  that  the  sand  had  been 
scoured  out.  I  am  satisfied  the  water-jet  will  scour  the  sand  to  quite 
a  depth  below  the  bottoms  of  the  piles. 

Benjamin  Eeece,  M.  Am.  Soc.  C.  E. — This  discussion  affords  a 
marked  illustration  of  the  frequent  contentions  which  arise  from  a 
failure  to  reco7nize,  or  a  determination  to  ignore,  the  other  side  of  a 
proposition.  Thus,  upon  the  one  side  an  eflort  is  made  to  establish  a 
formula  by  which  the  penetration  of  a  pile  under  a  falling  ram  affords 
the  data  for  a  mathematical  determination  of  its  value  in  the  support  of 
given  loads.  Upon  the  other  side  appears  a  very  evident  attemjit  to 
discredit  any  formula,  without  reference  to  its  scientific  accuracy,  and 
a  number  of  illustrations  are  i^resented  to  show  that  the  api^lication  of 
any  formula  would  be  worthless.  The  fallacy  leading  to  such  extreme 
differences  of  opinion  rests  upon  the  failure  to  recognize  the  element  of 
time  as  being  an  essential  factor  in  the  conditions  to  be  determined. 

That  the  bearing  caj^acity  of  a  pile  bears  some  relation  to  its  jjene- 
tration  under  the  weight  and  fall  of  the  ram  but  few  persons  would 
absolutely  disj^ute,  but,  manifestly,  the  conditions  which  exist  after 
the  pile  is  in  service  are  entirely  different  from  those  which  obtain  while 
the  pile  is  being  driven.  Thus,  it  is  noted  some  piles  which  pene- 
trated several  inches  to  the  blow  while  being  driven,  resisted  the  same 
weight  and  fall  without  any  perceptible  penetration  after  the  pile  had 
been  permitted  to  rest,  thus  affording  a  restored  equilibrium  to  the 
material  through  which  the  pile  had  been  driven.  Upon  the  other 
hand,  piles  which  were  driven  home  with  difficulty,  have  settled  down 


11 


170  DISCUSSION   ON   PILE-DRIVING. 

under  seemingly  inadequate  loads,  whicli  would  indicate  that  the 
material  failed  to  find  adherence  to  the  pile,  thus  permitting  the 
percolation  of  water  tending  to  soften  the  material  which  sustained 
the  pile. 

It  is  evident  then,  that  if  the  penetration  of  the  pile,  after  a  succes- 
sion of  blows,  is  taken  for  a  basis  of  calculation  as  to  Avhat  the  pile  will 
support  in  service,  no  formula,  no  matter  how  accurate,  can  be  relied 
upon;  for  the  last  blow  of  the  ram,  in  the  process  of  driving,  occurs 
when  the  material  surrounding  the  pile  has  been  disturbed  in  the  act  of 
driving,  whereas  the  effects  oi  such  disturbances  have  generally  disap- 
peared by  the  time  the  piles  are  loaded.  Manifestly,  the  bearing 
capacity  must  be  determined  from  data  corresponding  to  conditions  of 
service.  This  at  once  suggests  that  such  tests  should  be  made  by 
dropping  the  ram  on  the  driven  pile  after  affording  it  some  period  of 
rest.  Thus  it  would  be  comj^aratively  easy  before  moving  the  driver,  to 
test  on  Monday  morning  the  pile  last  driven  Saturday  evening,  and  the 
penetration  of  the  pile  observed.  The  penetration  due  to  the  last  blow 
each  afternoon  could  always  be  compared  with  that  resulting  from  the 
first  blow  on  the  mornings  following,  and,  if  deemed  necessary,  other 
tests  could  be  made  after  longer  intervals  of  rest.  But  little  time 
would  be  lost  in  following  this  practice,  and  at  the  same  time  the 
data  so  obtained  could  be  used  with  no  small  degree  of  accuracy 
to  determine  by  means  of  formula  the  bearing  cajiacity  of  jiiles  in 
service. 

G.  B.  Nicholson,  M.  Am.  Soe.  C.  E. — Mr.  Crowell,  in  his  con- 
clusion, expresses  the  hope  that  the  discussion  may  call  out  practical 
examples  taken  from  actual  experience  of  the  behavior  of  piles  in 
service.     In  answer  to  this  wish,  the  folloAving  are  submitted : 

In  the  year  1883,  I  set  up  a  turntable  on  a  pile  foundation  in  the 
lower  part  of  the  City  of  New  Orleans,  2  300  feet  from  the  bank  of  the 
Mississippi  Eiver,  for  the  New  Orleans  and  North  Eastern  Railroad. 
As  is  generally  known,  the  soil  of  that  region  is  a  compressible,  wet 
alluvium,  making  the  use  of  piles  for  the  support  of  the  pedestal  of  a 
turntable  the  best  form  of  foundation. 

The  turntable  I  allude  to  was  of  the  ordinary  Avrought-iron  type, 
and  54  feet  long.  The  pedestal  was  supjjorted  on  a  foundation  of  six 
yellow-pine  piles,  freed  from  bark,  10  inches  in  diameter  at  the  small 
end  and  14  inches  at  the  large  end.  The  piles  wei'e  capped  with  a 
grillage  of  two  tiers  of  12  x  14-inch  creosoted  yellow  jDine,  and 
secured  to  the  piles  and  to  each  other  by  1-inch  drift-bolts.  The 
pedestal  of  the  turntable  was  bolted  to  the  top  tier  of  timber. 
Experience  in  driving  a  large  number  of  piles  in  the  vicinity  a  short 
time  previously  had  given  me  a  great  confidence  in  the  sustaining 
power  of  piles  having  a  rather  large  penetration  or  sinking  at  the  last 
blow  of  the  ram. 
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The  record  of  the  pile-driving  is  as  follows : 


171 


No.  of  pile. 

j 
Length  after  framing.  Sinking  at  last  blow. 
Feet.                             Inches. 

Fall  of  ram,  last 
blow. 

No.  of  blows. 

1 

35.5 

12 

35 

30 

2 

34.5 

12 

30 

20 

3 

27.5 

12 

35 

30 

i 

30. 

91 

30 

29 

5 

29.5 

18 

35 

27 

6 

27.5 

91 

32 

25 

Weight  of  ram,  2  825  pounds;  weight  of  turntable  complete,  32  400 
pounds;  weight  of  grillage  on  top  of  piles,  3  700  pounds;  weight  of 
engines,  with  tenders,  using  the  turntable,  from  116  000  to  156  000 
pounds — 50  per  cent,  at  present  are  155  000  pounds;  aj^proximate 
average  daily  use  of  turntable  by  engines  and  tenders  since  building, 
thii-teen  times.  The  turntable  has  been  in  existence  on  its  original 
foundation,  without  repairs,  for  nine  years,  and  no  appreciable  settle- 
ment has  been  discovered. 

It  is  a  well-known  fact  that  if  a  jiile  is  allowed  to  rest  after  being 
partially  driven,  and  the  driving  resumed  after  a  considerable  interval, 
that  the  first  ijeuetration  in  the  new  driving  will  be  considerably  less 
than  the  last  penetration  when  the  driving  was  stoj)ped.  I  do  not 
know  what  the  ratio  is  in  dry  soils ;  but  I  have  several  illustrations  for 
pile-driving  in  the  wet  alluvium  about  New  Orleans  as  follows : 


Weight  of 

ram. 
Pounds. 

FaU  of 
ram. 
Feet. 

Penetration 

before  resting. 

Inches. 

Interval  of 
resting. 
Hours. 

Record  of  driving  after  resting. 
Penetration  in  inches,  fall  of  ram  in  feet 

2  7.iO 

3  000 

3  000 
3  000 

3  350 

27 
35 

20 

18 

18 

71 
6 

6 

7 

7 

48 
24 

12 

1 

48 

fr    TT    TT    TT     iV    tV    tV 

5B    50    25    Tsli    sV    A    ?%    J°5    4*5    55    45 

li   2i   2i    3    3i  31    5     5    3^   3^ 
15   20202020202525  20  20 
6    5i  3A     6     6     6 
35   30   25  22   22   22 

H  2^   2J 
20  20  20 

Note. — The  expressions  in  form  of  fractions  mean  that  upper  figures 
represent  penetrations  of  pile  in  inches,  and  lower  figures  the  fall  of 
ram  in  feet. 

It  may  not  be  out  of  place  here  to  call  attention  to  erroneous 
results  obtained  in  pile-driving  according  to  a  method  common  in  the 
Southwest — that  is,  the  practice  of  never  detaching  the  ram  from  the 
line.     Two  or  three  turns  of  the  line  are  made  on  the  drum  of  the 

I  winch,  and  when  the  desired  height  is  reached,  the  line  is  slacked  on 
the  drum  and  the  ram  falls,  carrying  the  line  with  it. 
I 
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The  braking  power  of  the  pulley  at  toj?  of  pile-driver  frame  and  on 
the  drum  of  the  winch,  and  the  consequent  loss  of  momentum  of  the 
ram  is  illustrated  by  the  following  experiments: 

FirsL — A  jiile  penetrating  -/„-  feet,  with  a  40-foot  fall  of  a  2  470 
pounds  ram,  with  the  line  attached  to  ram  and  slacked  on  the  drum, 
penetrated  i\-  feet  with  a  40-foot  fall  when  the  ram  was  allowed  a  free 
fall  by  cutting  the  line  at  the  top  of  the  leads. 

Second. — A  pile  penetrating  jV  feet,  with  45-foot  fall  of  2  750-i3ound 
ram,  with  line  attached  to  ram  and  slacked  on  the  drum,  penetrated  tV 
feet  when  the  ram  was  allowed  a  free  fall  by  cutting  the  line. 

Third. — A  pile  penetrating  ^0%  feet,  with  46-foot  fall  of  2  500-pound 
ram,  with  line  attached  to  ram  and  slacked  on  drtim,  penetrated  --^  feet 
when  ram  was  allowed  a  free  fall  by  cutting  the  line. 

The  replies  to  this  discussion  will  be  published  in  a  subsequent 
number  of  the  Transactions. 
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THE  CANTILEVER  HIGHWAY  BRIDGE  AT  CIN- 
CINNATI. 


By  GusTAVE  Kaufman,  M.  Am.   Soc.  C.  E.,  and 
F.  C.  OsBOKN,  M.  Am.  Soc.  C.  E. 


GENEKAL  DESCEIPTION   OF   THE  WOKK. 
By  Gusxave  Kaufman,  M.  Am.  Soc.  C.  E. 


During  the  years  1890  and  1891  the  Cantilever  Highway  Bridge 
described  in  this  article  was  built  across  the  Ohio  River,  between  the 
cities  of  Cincinnati,  O. ,  and  Newport,  Ky .  The  terminus  in  Cincinnati 
is  at  the  corner  of  2d  Street  and  Broadway,  and  in  Newport  it  is  at 
the  corner  of  York  and  3d  Streets.  The  roadway  of  the  bridge  is  24  feet 
wide  in  the  clear,  with  two  sidewalks  each  7  feet  wide.  The  total  length 
of  the  structure  is  2  966  feet.  The  main  engineering  feature  is  the 
cantilever  span,  520  feet  from  center  to  center  of  piers. 

The  bridge  is  located  between  the  Louisville  and  Nashville  Eailroad 
Bridge  and  the  Old  Cincinnati  Suspension  Bridge,  and  but  a  short 
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distance  above  tlie  month  of  tlie  Licking  River.  Prior  to  the  con- 
struction of  this  bridge,  the  highway  traflBc  between  the  two  cities  was 
jDrincipally  accommodated  by  a  ferry  company  with  two  large  ferry 
boats.  The  Louisville  and  Nashville  Bridge,  which  is  supplied  with 
very  narrow  roadways  and  sidewalks,  accommodated  the  street-car 
traffic  and  a  portion  of  the  other  highway  traffic,  but  was  not  popular 
on  account  of  its  location  and  the  interruption  of  highway  traffic 
during  the  passage  of  trains. 

The  site  of  the  new  bridge  is  very  favorable  for  economical  con- 
struction, from  the  fact  that  a  peculiar  limestone  formation  extends 
across  the  river  at  this  point.  The  top  of  this  formation  is  an  irregular 
triangle  in  shape,  the  base  of  which  is  on  the  Kentucky  side  and  the 
apex  on  the  Cincinnati  side.  On  the  Kentucky  side  at  extreme  low 
water  this  formation  is  exjjosed;  the  base  of  the  triangle  is  about  1  400 
feet  long,  and  extends  from  the  mouth  of  the  Licking  River  to  a  point 
midway  between  the  bridge  under  discussion  and  the  Louisville  and 
Nashville  Bridge.  The  top  of  the  formation  maintains  the  level  of 
extreme  low  water  about  two-thirds  the  distance  across  the  river, 
where  it  drops  suddenly,  and  for  the  balance  of  the  distance  across 
the  river  the  top  of  the  rock  is  from  5  to  7  feet  below  low  water.  The 
sites  of  other  bridges  built  across  the  Ohio  River  at  Cincinnati  were 
by  no  means  so  favorable,  and  it  was  necessary  to  go  to  considerable 
depths  to  obtain  suitable  foundations  for  their  piers;  notably  the  Chesa- 
peake and  Ohio  Railway  Bridge,  Avhere  rock  was  found  about  52  feet 
below  low  water. 

For  many  years  the  fear  of  insufficient  revenue  prevented  the  con- 
struction of  a  highway  bridge  at  this  place;  but  the  development  of 
the  electric  street  railway  and  the  necessity  for  rapid  transit  between 
the  cities  of  Cincinnati  and  Newport  fiirnished  the  requisite  impetus 
and  led  to  the  formation  of  the  Centi'al  Railway  and  Bridge  Company 
for  the  i^urpose  of  constriicting  this  bridge.  The  preliminary  surveys 
and  the  general  lay-out  were  prepared  by  G.  Bous.caren,  M.  Am.  Soc. 
C.  E.,  in  the  early  part  of  1887.  The  general  plans  and  the  location  of 
the  channel  span  were  approved  by  the  Government  in  April,  1888,  and 
authority  at  the  same  time  was  given  for  the  construction  of  the 
bridge. 

The  general  elevation  and  plan  of  the  bridge;  the  gradients,  lengths 
of  spans  and  height  above  water  are  shown  on  Plate  XXVII.     A  gen- 
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eral  view  is  shown  in  Plate  XXVIII.  The  approaches  were  located 
entirely  on  private  property  occupied  by  a  large  number  of  buildings 
of  all  kinds  and  descrii^tions,  which  were  owned  and  leased  by  almost 
an  equal  number  of  individuals.  All  the  street  and  alley  crossings  are 
overhead.  The  maximum  grade,  which  occurs  on  the  Cincinnati  end, 
is  5h  per  cent.  This  grade  is  necessary  to  enable  the  structure  to  give 
the  clear  height  over  the  channel,  required  by  the  Act  of  Congress 
governing  the  construction  of  bridges  across  the  Ohio  Eiver.  Between 
the  mouth  of  the  Big  Sandy  Eiver  and  the  Suspension  Bridge  at  Cin- 
cinnati, all  bridges  must  have  a  channel  span  500  feet  wide  in  the  clear 
at  low  water.  The  lowest  part  of  the  channel  span  must  be  100  feet 
above  low  water-mark,  and  40  feet  above  local  highest  water.  The 
highest  water  known  at  Cincinnati  prior  to  1883,  the  time  of  the  passage 
of  the  act,  was  in  1832,  when  the  river  reached  the  height  of  64  feet 
on  the  Government  gauge.  In  1884  the  river  rose  to  the  unprecedented 
height  of  71  feet  and  three-quarters  of  an  inch.  Since  that  time  the 
law  has  been  construed  by  the  Government  authorities  to  refer  to  the 
flood  of  1832  and  in  fixing  the  height  of  channel  spans  it  is  only  neces- 
sary to  have  40  feet  clear  above  that  flood.  Therefore,  in  the  case  of 
the  Central  Bridge,  it  was  required  to  have  a  clear  height  of  102  feet 
above  low  water-mark,  which  is  2  feet  on  the  gauge. 

No  active  work  of  construction  was  done  on  the  bridge  until  March, 
1890,  when,  through  the  perseverance  of  Mr.  V.  Morris,  the  South- 
western Agent  of  the  King  Bridge  Company,  arrangements  for  its  con- 
struction were  perfected  with  the  Company  which  he  represented. 
This  company  was  to  construct  the  bridge  complete  in  all  details  by 
January  1st,  1891,  under  the  specifications  to  be  prepared  by  Ferris, 
Kaufman  &  Co.,  who  were  at  this  time  appointed  Chief  Engineers  of 
the  Central  Kailway  and  Bridge  Company.  On  account  of  the  limited 
time,  but  twenty-four  hours  were  taken  in  preparing  the  specifica- 
tions, copies  of  which  will  be  found  in  the  appendices.*  The  general 
plans  adopted  by  the  Government  were  of  course  adhered  to,  and  many 
items  in  the  original  specifications  of  the  company  were  adopted.  On 
the  31st  day  of  March,  1890,  the  formal  contract  was  executed.  By 
its  terms  the  King  Bridge  Company  was  bound,  under  heavy  for- 
feiture, to  complete  the  structure  satisfactorily  to  the  engineers  by 
the  time  mentioned. 


*  See  pages  191  to  220  inclusive. 


176  KAUFMAN   ON   CANTILEVER    HIGHWAY    BRIDGE. 

The  preliminary  estimate  of  quantities  was  as  follows: 
Substktjctuke: 

First-class  masonry,  Piers  4,  5,  6,  7  and  8 10  420  cubic  yards. 

"      1,  2,  Sand  9 1  353  " 

Pedestals 140  " 

Second  "  "        Abutments  and  Eamps. .  3  200  " 

Concrete 2  100 

Piles  in  foundations 20  400  linear  feet. 

Timber  "  152  000  ft.  B.  M. 

Iron 15  000  pounds. 

Excavation  in  coflfer-dams 1  750  cubic  yards. 

"  foundations  on  shore 2  750  " 

Filling  between  ramp  walls 3  000  ' ' 

Granite  paving 2  500  sq.  yds. 

SlTPEKSTKUCTtTKE : 

Structural  iron  and  steel 2  500  tons. 

Lumber  for  floor 550  000  ft.  B.  M. 

Hand  rail 6  000  linear  feet. 

Toll  hovises,  gas  pipe,  etc. 
The  right  of  way  on  the  Newport  side  was  practically  all  secured, 
but  nothing  had  been  done  in  the  way  of  clearing  it  at  the  time  of  the 
closing  of  the  contract,  and  no  j^roperty  had  been  obtained  on  the 
Cincinnati  side.  The  undertaking  of  the  King  Bridge  Company  to 
complete  this  work  in  nine  months  was  large;  but,  at  the  same  time, 
it  seemed  that  the  contract  could  be  successfully  carried  out  if  projier 
energy  were  used  by  all,  and  if  no  extraordinarily  unfavorable  cir- 
cumstances should  arise.  The  company,  in  Ajiril,  sub-let  the  con- 
tract for  the  substructure  and  paving  of  approaches  to  Mr.  J.  Le  Duke, 
of  Berea,  Ohio.  In  accordance  with  this  contract  the  various  parts 
were  to  be  completed,  as  follows : 

Piers  Nos.  1,  2,  3,  4,  6,  7,  8,  9,  pedestals  and  approach  masonry 
not  later  than  October  1st,  1890;  Pier  No.  5  not  later  than  October  31st, 
1890,  and  all  the  earth  filling,  granite  paving,  flagging  and  the  entire 
contract  not  later  than  December  1st,  1890.  The  work  was  to  be  com- 
menced not  later  than  May  1st,  1890,  and  the  contractor  was  placed 
under  heavy  bonds  for  the  completion  of  the  work  as  stated.  The 
ordinai'y  clause  giving  the  contractor  more  time  for  the  completion  of 
his  work,  on  account  of  delays  through  causes  beyond  his  control,  was 
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omitted  in  this  contract,  and  the  contractor  was  given  to  understand 
clearly  that  he  was  to  take  all  the  chances  and  finish  the  work  in  time 
to  enable  the  erection  of  the  bridge  to  be  completed  by  January  1st, 
1891. 

The  contract  for  the  iron  and  steel  was  given  to  Messrs.  Carnegie, 
Phipps  &  Co. ;  the  material  was  to  be  delivered  to  the  King  Bridge 
Company  at  Cleveland  within  sixty  days  from  the  time  the  order  was 
placed,  and  this  would  enable  the  latter  Company  to  deliver  the 
finished  material  at  the  bridge  site  as  agreed  upon. 

The  contract  for  the  erection  of  the  superstructure  and  the  laying 
of  the  floor,  etc. ,  was  awarded  to  Messrs.  Baird  Bros. ,  of  Pittsburgh, 
Pa.,  who  were  to  be  given  possession  of  the  piers  and  material  at  the 
time  shown  in  Le  Duke's  contract,  and  were  to  complete  the  work  by 
January  1st,  1891. 

For  a  short  time  the  work  in  all  departments  progressed  very  satis- 
factorily and  according  to  programme;  but  soon  delays  from  various 
causes  arose,  until  finally,  as  it  became  evident  that  the  bridge  could 
not  be  completed  as  contracted  for,  the  masonry  contractors  became 
demoralized;  and  it  required  great  patience  and  energy  to  maintain 
the  ju-osecution  of  the  work. 

The  Ohio  Eiver  has  for  some  miles  above  and  below  the  bridge  site 
a  narrow  and  tortuoiis  channel;  and  as  the  mouth  of  the  Licking  Eiver 
is  almost  directly  opi^osite  the  site,  it  is  subject  to  very  raj^id  and 
wide  fluctuations.  The  variation  between  extreme  high  water  and 
extreme  low  water  is  about  69  feet.  These  conditions  conspired  to 
render  the  foundation  work  hazardous  and  exi^ensive.  The  year  1890 
is  now  noted  for  the  number  of  floods  which  occurred  in  the  Ohio 
Eiver.  A  hydrograph  showing  the  stage  of  the  water,  the  condition 
of  the  weather  and  the  temperature  for  each  day  during  the  con- 
struction of  the  work,  will  be  found  on  Plate  XXIX.  This  will  indicate 
one  of  the  great  difficulties  tinder  which  this  work  was  carried  on. 
Usually  during  the  summer  and  fall  months  the  water  stage  at  Cin- 
cinnati is  below  15  feet,  with  an  occasional  rise  above  that  point, 
but  during  1890  the  reverse  was  the  case.  There  were  about  five  weeks 
of  low  water.  During  this  period  Piers  6  and  7  were  fairly  started, 
but  Pier  5  was  caught  by  the  high  water.  The  delay  in  complet- 
ing this  pier  prevented  the  opening  of  the  bridge  until  August,  1891, 
some  eight  months  behind  time. 
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The  year  1890,  as  is  well  known,  excelled  all  other  years  in  the 
product  of  steel  and  iron,  and  great  difficulty  was  encountered  in 
getting  the  structural  material  to  the  bridge  shops.  The  mills  failed 
in  a  great  measure  to  complete  their  contract  in  this  case,  and  the  time 
for  the  delivery  had  elapsed  by  several  months  before  the  King  Bridge 
Company  obtained  all  the  material  they  had  ordered.  The  delay  from 
this  cause  was  not  particularly  noticeable  on  account  of  the  fact  that 
the  masonry  was  not  finished. 

Surveys. Surveys  and  locations  for  the  construction  work,  and,  in 

fact,  all  the  substructure  work,  were  made  under  the  direction  of 
Mr.  A.  A.  Stuart,* M.  Am.  Soc.  C.  E.,  who  was  Kesident  Engineer,  and 
Mr.  L.  V.  Eice,  Assistant  Engineer,  to  both  of  whom  much  credit  is 
due  for  the  accuracy  and  excellency  of  the  work.  The  general  situa- 
tion was  favorable  for  accurate  triangulation  work,  and  to  this  is 
largely  attributable  the  excellent  results  obtained. 

A  test  of  the  accuracy  of  the  field  operations  was  made  by  comput- 
ing the  distance  between  the  base  line  on  the  Cincinnati  side  and  a 
point  on  the  bridge  axis  common  to  the  two  base  lines  on  the  New- 
port side,  using  the  three  triangles  formed  on  the  three  base  Unes,  and 
the  results  were  respectively  as  follows:  1  696.076  feet;  1  696.074  feet; 
1  696.053  feet.  With  the  assurance  of  accuracy  of  field  work  which 
these  results  gave,  the  remaining  elements  of  the  triangles  were  com- 
puted ready  for  use  in  locating  the  river  piers. 

Masonry.— Th-Q  length  of  the  structure  between  the  termini  is  2  966 
feet.     Beginning  in  Cincinnati,  this  distance  is  made  up  as  follows: 

Granite  paving  and  masonry  ramp 285  feet. 

Steel  viaduct 151 

One  truss  span  across  Ludlow  street 108 

Viaduct 81 

One  truss  span 1"2 

Cincinnati  cantilever  arm 252 

Two  river  arms  and  suspended  span 520 

Newport  cantilever  arm 252 

Two  tniss  spans,  each  254  feet 508 

Steel  viaduct 319 

Granite  paving  and  masonry  ramp 328 

Total ■•.    2966     -^ 

♦  Thereportsof  Mr.  Stuart  were  frequently  drawn  upon  in  preparing  this  paper. 
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The  superstnicture  is  supported  by  two  abutments,  t-nrenty-eiglit 
pedestals  and  nine  piers.  The  abutments  and  ramp  walls  are  built  of 
second-class  masonry  and  entirely  of  Ohio  Eiver  freestone,  except  the 
coping,  which  is  of  Berea  sandstone.  All  the  pedestal  piers  are  built 
of  first-class  masonry.  All  the  cement  used  on  the  work,  with  the  ex- 
ception of  a  few  barrels  of  Portland  for  main  coping  stone  and  point- 
ing, was  Louisville  cement,  and  was  tested  at  the  mills  by  Messrs. 
Mead  &  Shaw,  Cement  Inspectbrs,  of  Louisville,  and  all  accepted  bar- 
rels which  were  shij^ped  were  branded  by  them.  The  ramj)  walls,  abut- 
ments and  pedestals  being  far  removed  from  the  water,  are  founded 
on  the  natural  earth  upon  a  course  of  concrete  2  feet  thick,  the  material 
affording  amjile  resistance  to  bear  the  superimposed  loads  without  the 
aid  of  i^iling. 

Piers  Nos.  1,  2,  3  and  9  are  similar  in  all -respects,  except  as  to 
size  and  height,  and  are  all  founded  on  jules  driven  to  a  firm  resist- 
ance from  short  blows  of  a  hammer  weighing  4  000  i^ounds.  The 
foundation  beds  were  from  7  to  10  feet  deep,  and  after  sawing  the  piles 
off  18  inches  above  the  bottom  of  the  juts,  concrete  was  put  in,  varying 
in  thickness  from  3  to  4^  feet,  thoroughly  imbedding  the  piles  in  a 
plastic  mass  ujDon  which  the  foundations  and  footing  courses  were 
started.  These  piers  were  built  entirely  of  Ohio  Eiver  freestone,  ex- 
cept the  coping  which  was  Bedford  oolitic  limestone.  They  are  rec- 
tangular in  i^lan  throiighout  their  height,  battering  one-half  inch  to 
the  foot,  and  as  they  stand  above  the  average  high  water,  no  difficulties 
were  encountered  in  constructing  their  foimdations. 

Piers  Nos.  4  and  8  are  similar  in  construction,  but  different  in  kind 
of  foundations  and  dimensions.  Pier  No.  4  rests  upon  one  hundred 
and  fifty  piles,  driven  to  solid  rock,  having  heavy  east -iron  shoes,  the 
points  of  which  were  seated  in  the  rock  by  repeated  light  blows  from 
the  hammer.  They  were  cut  off"  18  inches  above  the  bottom  of  the 
foundation  bed,  and  their  heads  were  imbedded  in  concrete  3  feet  6 
inches  thick.  Upon  this  the  foundation  footing  courses,  four  in  num- 
ber, were  laid. 

Pier  No.  8  is  located  at  about  extreme  low  water-line  on  the  Ken- 
tucky shore,  and  rests  upon  solid  rock.  This  foundation  was  begun 
July  14th,  1890,  and  the  laying  of  masonry  was  begun  July  27th,  the 
stage  of  the  river  being  about  7  feet.  A  clay  dam  was  built  around 
the  site  of  the  pier,  and  with  this  protection  from  the  water  the  exca- 
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vation  was  made.     A  pit  18  inches  deep  was  excavated  in  the  rock, 
and  in  this  the  footing  courses  were  started. 

These  two  piers  have  semicircular  nosings  np  to  the  belt  course, 
where  they  are  contracted  in  length  and  become  rectangular  in  plan. 
Prom  the  foundation  to  the  belting  eoiirse  the  face  work  is  built  of 
Berea  sandstone,  with  concrete  backing.  The  face  stones  were  laid  in 
Flemish  bond,  headers  and  stretchers  alternating  with  each  other  in 
every  coiirse.  The  concrete  backing  was  put  in  as  fast  as  the  face 
stones  of  each  course  were  laid,  and  was  allowed  twelve  hours  to  set 
before  any  masonry  was  laid  uj)on  it.  Above  the  belting  course 
these  piers  are  built  entirely  of  Ohio  River  freestone,  except  the 
coping,  which  is  of  Bedford  limestone.  The  table  on  next  page 
gives  the  complete  record  of  the  building  of  Pier  No.  4,  and  it  is 
believed  by  the  writer  that  this  is  the  first  instance  that  such  a  record 
has  been  kejat. 

Each  face  stone  and  each  backing  stone  was  measured  and  its  con- 
tents calculated.  The  sum  of  the  two  was  deducted  from  the  contents 
of  the  full  course  and  the  balance  was  taken  as  the  amount  of  mortar 
in  that  course.  In  this  way  the  column  giving  the  cubic  yards  of 
mortar  in  all  joints  was  obtained.  The  number  of  barrels  of  cement 
used  for  the  face  work  and  backing  was  obtained  by  actual  count. 
The  column  giving  the  number  of  barrels  of  cement  per  cubic  yard  of 
backing,  gives  also  the  amount  of  cement  in  a  yard  of  concrete,  as  the 
backing  is  concrete.  The  cost  of  laying  uj:)  to  the  starling  course 
refers  only  to  the  face  stones. 

Piers  Nos.  5,  6  and  7  are  similar  in  construction  and  are  located  in 
the  river.  Piers  6  and  7  are  founded  on  the  solid  rock,  and  their  foun- 
dations were  put  in  without  difficulty  by  the  use  of  single  wall  coffer- 
dams. The  solid  rock  bed  in  the  river  at  this  point  has  no  deposit 
upon  it,  and  in  landing  the  coffer-dams  it  was  necessary  first  to  sink  a 
crib  composed  of  timbers  and  stone  above  the  pier  site  in  order  to 
hold  the  coffer-dam  in  place.  The  coffer-dams  for  Piers  5,  6  and  7  were 
all  alike  in  construction,  being  rectangular  in  plan*  and  30  x  70  feet  in 
size  out  to  out.  The  walls  were  built  of  horizontal  courses  of  12  x  12- 
inch  timber  bolted  together  for  a  height  oi  6  feet,  and  above  this  the 
walls  were  composed  of  6  x  1-inch  stuff.  At  intervals  of  8  feet  along 
the  longitudinal  walls  12  x  12-inch  vertical  timbers  were  bolted,  and 
into  each  pair  of  verticals  12  x  12-inch  horizontal  struts  were  dovetailed. 
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CEXTRAii  Bridge,  Cixcinnati-Xe^'pokt. — Bitlt   1890-91. — Data  feom 
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Note.— From  the  foundation  to  the  starling  course,  the  masonry  is  built  of  Berea  sand- 
stone with  concrete  backing,  but  above  this  it  is  built  entirely  of  Ohio  River  freestone.  All 
face  stones  were  required  to  have  a  width  of  Ij  times  their  thickness,  and  below  the  stalling 
they  were  laid  with  Flemish  bond.  All  mortar  was  mixed  1  cement  to  2  of  sand,  and  the 
concrete  was  mixed  1,  2  and  4,  the  latter  bting  broken  stone.  Louisville  cement  was  used 
throughout. 
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The  bottom  edges  of  the  walls  were  ijadded  with  cotton  waste  6  inches 
thick,  held  in  jjlace  by  cotton  ducking.  The  coffer-dams  were  towed 
into  place  without  bottoms  and  sunk  by  loading  them  with  stone  in- 
tended for  use  in  the  piers.  On  July  10th,  the  crib  for  Pier  No.  7  was 
located  when  the  water  was  about  14  feet  high  and  the  current  very 
swift.  On  the  11th  of  July  the  coffer-dam  was  towed  into  place  and 
sunk,  the  stage  of  water  being  about  10  feet.  After  sinking  it  was  dis- 
covered to  be  uneven,  the  southeast  corner  being  about  1  foot  higher 
than  the  others,  a  12  x  12-inch  stick  of  timber  having  lodged  in  this 
corner.  This  was  removed  by  a  diver.  Considerable  difficulty  was  ex- 
perienced in  pumping  out  this  coffer-dam,  the  cotton  ducking  having 
been  torn  out  in  a  number  of  places  in  launching,  causing  leaks  which 
were  finally  stopped  by  throwing  in  bags  of  sand.  This  work  con- 
sumed considerable  time,  but  by  July  22d  a  bed  2.7  feet  deep  was  exca- 
vated in  the  rock  and  the  first  course  of  masonry  begun. 

®n  July  20th  the  coffer-dam  of  Pier  No.  6  was  located  after  consid- 
erable trouble  on  account  of  a  very  swift  current.  The  stage  of  the 
water  Avas  at  this  time  8  feet,  and  a  week  was  consumed  in  stopping 
the  leaks  aroiind  the  bottom  of  this  coffer-dam.  After  excavating  a 
bed  3.8  feet  deep  in  the  rock,  masonry  was  started  August  1st. 

On  August  10th  the  cofier-dam  for  Pier  No.  5  was  located  and  sunk 
in  position,  but  as  the  rock  bottom  at  this  point  was  overlaid  with 
about  2  feet  of  river  silt,  much  time  was  taken  in  an  effort  to  make 
the  bottom  edge  of  the  coffer-dam  tight.  Before  this  was  accomplished 
the  river  began  to  rise  and  all  operations  were  suspended  on  August 
26th.  From  this  time  the  water  stage  fltictiiated  between  11  and  20 
feet,  until  on  September  18th  it  reached  a  35-foot  stage,  which  was 
never  known  to  occur  before  in  the  month  of  September.  The  condi- 
tion of  the  work  at  this  time,  starting  from  the  Cincinnati  end,  was  as 
follows  :  The  right  of  way  from  Broadway  to  Giffin  Street  had  not 
been  entirely  obtained,  many  suits  of  condemnation  having  made  the 
work  of  securing  it  extremely  tedious,  but  it  had  been  so  far  obtained 
as  to  allow  the  foundation  of  Pier  No.  1  to  be  i^ut  in  ;  also  Piers  Nos.  2 
and  3.  On  Pier  No.  1  nothing  had  yet  been  accomplished,  owing  to 
litigation  as  to  the  right  of  the  company  to  condemn  property  at  this 
point.  Pier  No.  5,  as  stated  above,  had  not  yet  been  started,  but  a 
coffer-dam  had  been  sunk.  Pier  No.  6  had  33  feet  of  masonry  yet  to  be 
laid  to  complete  it.     Pier  No.  7  had  yet  30  feet  of  masonry  to  be  laid 
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on  it.  To  complete  Pier  No.  8,  36  feet  of  masonry  were  required.  Pier 
Xo.  9  was  comi3lete(L  The  pedestals  on  the  Newport  side,  with  the 
exception  of  a  few  caj)  stones;  the  abutment  on  the  Newport  side,  and 
most  of  the  ram^j  walls  were  comi^leted.  No  filling  between  the  same, 
however,  had  yet  been  done.  Out  of  a  total  of  13  000  cubic  yards  of 
masonry,  7  000  yards  had  been  laid. 

During  the  whole  season  to  jthis  date,  there  had  been  but  five  weeks 
in  which  the  stage  of  the  water  was  below  10  feet,  and  only  for  one  day 
was  the  water  below  a  6-foot  stage,  and  during  this  time  there  were  a 
number  of  very  rainy  days.  The  masonry  contractors  were  becoming  very 
much  demoralized,  and  they  realized  that  it  was  impossible  for  them 
to  complete  their  work  by  the  specified  time.  Considerable  ii'on  had 
been  delivered  on  the  ground  and  the  contractors  for  the  erection  were 
on  hand  ready  to  proceed  with  their  work. 

As  winter  was  rapidly  apj)roaching  it  became  obvious  that  if  the 
work  was  to  be  finished  approximately  on  time,  it  was  absolutely  nec- 
essary that  the  river  work  be  completed  first.  The  condition  of  Pier 
No.  5  and  the  condition  of  the  river  made  it  clear  that  some  radical 
move  had  to  be  made.  It  was  therefore  determined  on  September 
15th  to  use  the  pneumatic  process  in  founding  Pier  No.  5,  notwith- 
standing the  fact  that  bed-rock  was  only  about  7  feet  below  low  water. 
Plans  and  si)eciflcations  for  a  caisson  were  made  as  rapidly  as  possible. 

The  plan  of  the  caisson  is  shown  on  Plate  XXX  and  the  si^ecifications 
in  Api^endix  3.  It  was  12  feet  high  from  the  shoe  to  top  of  the  deck, 
with  a  coflfer-dam  about  24  feet  high,  so  that  the  work  could  be 
prosecuted  in  a  21  to  26-foot  stage  of  water  after  the  caisson  was 
landed  on  the  rock  bottom  of  the  river.  An  examination  of  the  records 
gave  siiffieient  reasons  to  expect  that  the  work  could  be  thus  carried 
on  A\'ithout  interruption  during  the  early  winter  months  and  that  the 
l)ier  could  be  finished  before  very  cold  weather  set  in. 

Work  was  accordingly  begun  on  the  caisson  Sejjtember  23d,  and  on 
October  17th  it  was  launched.  A  pressure  plant  belonging  to  Messrs. 
Sooysmith  &  Co.  was  obtained  from  Louisville,  and  this  firm  was  con- 
tracted with  to  do  the  work.  At  this  time  another  freshet  came  in  the 
river,  and  as  this  pier  stands  in  the  main  channel  where  the  current  is 
swiftest,  it  Avas  deemed  unwise  to  attempt  to  locate  it  until  the  water 
would  fall  somewhat.  On  November  7th,  with  about  22  feet  of  water 
in  the  river,  the  caisson  was  towed  into  position,  and  on  November  9th 
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tlie  work  of  laying  masonry  began.  Owing  to  the  rapid  fluctuations 
iu  the  water  level,  the  cutting  edge  was  not  landed  on  the  bottom  until 
November  28th,  and  on  November  29th  the  aii*  compressor  was  started 
and  the  work  of  excavating  and  removing  material  in  the  working 
chamber  was  begim  at  once. 

During  the  month  following  this  date,  the  river  stage  permitted 
the  work  of  excavating  and  sinking  of  caisson  to  go  on  Avithout  inter- 
ruption. On  account  of  the  material  being  rock,  the  laying  of  masonry 
was  subject  to  careful  regulation  so  that  the  cutting  edge  would 
not  be  liable  to  injury  from  excessive  pressure.  On  December  27th, 
1890,  the  caisson  had  penetrated  into  the  rock  about  5  feet  and  had  38 
inches  yet  to  go.  Seven  full  courses  of  masonry  had  been  laid,  and 
about  ten  or  twelve  working  days  were  yet  necessary  to  comi:)lete  the 
sinking,  seal  the  air  chamber,  and  to  bring  the  masonry  up  high  enough 
to  be  out  of  the  way  of  a  32-foot  stage  of  water.  On  that  day,  how- 
ever, the  river  rose  above  the  shafts  and  suspended  all  operations. 

At  this  time  the  condition  of  the  M'ork  was  such  that  the  contractors 
could  work  in  a  28-foot  stage  of  water  by  the  aid  of  the  coflfer-dam,  but 
from  December  27th  until  April  18th,  1891,  as  shown  on  the  hydro- 
graph,  at  no  time  did  the  stage  of  the  river  allow  the  contractors  to  do 
anything  toward  the  completion  of  Pier  No.  5.  On  April  28th  the 
sinking  was  completed,  and  by  May  8th  the  working  chamber  and  shafts 
were  filled  with  concrete.  Laying  masonry  was  not  resumed  until 
April  28th,  from  which  time  it  was  continued  without  further  inter- 
ruption from  high  water. 

The  caisson  in  this  foundation  was  of  the  Morrison  type,  except 
that  the  iron  shoe  was  omitted.  The  sinking  was  accomplished  without 
accident  or  injury  to  any  of  the  men  engaged  on  it,  and  required  seven 
hundred  and  twenty  hours  actual  working  time  to  penetrate  8  feet  into 
the  solid  rock,  or  an  average  of  3.2  inches  for  each  twenty-four  hours. 
The  rock  penetrated  consisted  of  ledges  of  fairly  hard  shaly  formation 
alternating  with  thin  ledges  of  hard  fossiliferous  Jimestoue.  Where 
first  struck  it  was  not  well  adapted  to  make  a  good  foundation,  and  in 
order  to  get  the  deck  of  the  caisson  3  feet  below  extreme  low  water,  it 
was  necessary  to  penetrate  the  rock  8  feet.  The  last  piece  of  cojjing  was 
set  on  Pier  No.  5  at  9  a.m.,  June  18th,  1891,  entirely  completing  the 
siibstructure  within  twelve  months  from  the  time  of  beginning  the 
work. 
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Piers  Nos.  5,  6  and  7  have  semicircular  nosings  up  to  the  belting 
course.  The  under  side  of  each  is  set  at  water  stage  66  feet,  and  they, 
from  the  belting  course  to  the  tinder  side  of  the  coping,  are  built  en- 
tirely of  Ohio  River  freestone.  The  coping  is  2  feet  thick  on  Piers  Nos. 
5  and  6,  and  18  inches  thick  on  the  other  piers,  all  being  of  Bedford 
oolitic  limestone,  from  Bedford,  Ind. 

The  folloTving  table  gives  data  of  the  construction  of  Pier  No.  5.  It 
gives  the  size  and  thickness  of  each  course,  number  of  cubic  yards  in 
the  face  stones  and  number  of  cubic  yards  of  backing  ;  also  number 
of  cubic  yards  of  mortar  in  bed  joints,  the  amount  of  cement  required, 
and  it  also  shows  the  cost  of  laying  masonry,  including  sand  and 
cement. 
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17.25x53.57 
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43.6 
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17.07x53.39 
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44.0 
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29.26 
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16.56x52.88 
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16.39x52.71 
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47.7 
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16.22x52.54 

•  • 

26.00 
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44.1 

11 

16.04x52.36 

2.16 

29.40 
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15.86x52.18 
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29.77 

33.01     1.194 

48.0 
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25.25 
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20.63  1 
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50.6 

31 
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1.66 

20.25 

16.00    0.907 

62. 4 
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1.58 

18.47 
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22.25 
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CENTBAii  Bridge,   Cincinnati-Newport. — Built  1890-91. 
Pier  No.  5 — (Contimied). 
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13.32x49.64 

1  83 

23.33 

17.54 

0.860 

57.0 

Starling  course 

35 

12.26  X  48.20 

1.42 

17.77 

11.61 

0.863 

61.0 

$1,121 

36 

12.14x46.20 

" 

16.77 

10.79 

0.798 

60.0 

^Hood  courses. 

37 

12.02x39.89 

•' 

15.05 

8.10 

0.677 

65.0 

38 

11.90  X  35.80 

" 

13.75 

8.72 

0.060 

61.0 

■• 

39 

11.78x35.78 

1.33 

14.33 

6.48 

0.651 

69.0 

40 

11.66  X  35.66 

" 

12.27 

8.21 

0.641 

60.0 

41 

11.54x35.54 

1.42 

14.81 

6.79 

0.632 

68.5 

42 

11.42x35.42 

1.33 

13.85 

6.12 

0.62  > 

69.0 

43 

11.30x35.30 

'• 

12.55 

7.04 

0.616 

64.0 

44      11.19x35.19 

<• 

12.32 

7.13 

0.608 

63.0 

!■  0.3010 

45  1  11.07x35.07 

46  !  10.96  X  34.96 

" 

12.73 
12.21 

6.44 
6.71 

0.598 
0.592 

66.0 
65.0 

[■$1,470 

Rectangular 
plan. 

io 

47   '  10.84x34.84 

" 

13.19 

5.46 

0.583 

71.0 

48  1  10.73x34.73 

'• 

13.70 

4.71 

0.575 

74.0 

49  :  10.61x34.61 

" 

11.96 

6.17 

0.567 

66.0 

50     10.50x34.50 

>' 

12.05 

5.95 

0.560 

67.0 

51 

10.38x34.38 

" 

12.36 

5.29 

0.550 

70.0 

52 

10.27  X  34.27 

•  ' 

12.33 

5.01 

0.540 

71.0 

53 

10.16x34.16 

'• 

12.85 

4.28 

0.537 

75.0 

54 

10.05x34.05 

1.16 

10.37 

4.33 

0.530 

70.0 

65 

11.00x35.00 

2.00 

20.63 

7.89 

0.525 

72.0 

0.348 

$1,500 

Sub-coping. 

56 

12.00x36.00 

32.00 

None. 

0.594 

100.0 

0.349 

1.536 

Coping. 

Percentage  of  face  work  in  courses ..1  to  33  inclusive  =  46.42  per  cent. 

34to54        "  =65.81 

Notes.— From  top  of  caisson  to  the  starling  course  the  masonry  is  built  of  Berea  sand- 
stone with  Ohio  River  freestone  backing  ;  but  above  this  it  is  built  entirely  of  Ohio  River 
freestone. 

All  face  stones  were  required  to  have  a  width  of  one  and  one-quarter  (1^)  times  their 
thickness. 

All  mortar  was  mixed  1  cement  to  2  of  sand,  Louisville  cement  being  used  throughout. 

Cost  of  cement  and  sand  rated  at  $1.20  per  barrel  of  cement  used. 

LABOK   PER  DAT  OF   TEN    HOUKS  BATED   AT. 

Foreman $4  00 

Mason 3  25 

Cutter .' ', 3  .50 

Engineer 2  00 

Common  labor 1  50 

It  is  very  iuteresting  to  note  in  connection  -with  this  table  tlie  ratio 
of  increase  of  the  cost  of  laying  as  the  pier  increases  in  height.  On 
comparing  the  table  for  Pier  No.  4  with  that  for  Pier  No.  5,  it  will  be 
noted  that  the  cost  of  laying  is  higher  in  the  former  than  in  the  latter. 
The  reason  for  this  is  that  Pier  No.  4.  was  constructed  during  the 
winter  months  and  the  foreman  in  charge  was  not  so  expert  as  the  one 
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on  Pier  No.  5.  The  writer  believes  that  the  information  in  the  table 
is  valuable,  and  if  the  cost  of  qi^i^r^T^^S  ^^^  cutting  for  the  various 
building  stones  were  known,  exact  estimates  of  the  cost  of  bridge 
masonry  could  readily  be  made. 

Before  closing  the  description  of  the  substructure  it  may  be  well 
to  exjalain  why  Piers  Nos.  4  and  8  were  constructed  with  Berea  sand- 
stone face,  and  concrete  heartings,  while  Piers  Nos.  5,  6  and  7  were 
constructed  with  the  same  face  stone  and  Ohio  Eiver  freestone  backing. 
The  original  specifications  required  that  the  face  of  the  piers  should 
be  constructed  of  limestone  obtainable  in  a  quarry  near  Cincinnati 
and  the  backing  should  be  of  freestone. 

Considerable  difference  of  opinion  as  to  the  reliability  of  this  lime- 
stone was  found  among  engineers  in  Cincinnati,  and  as  we  had  no  ex- 
perience with  it,  nor  time  to  investigate  the  matter  thoroughly,  we 
decided  to  take  the  safe  course  and  not  jjermit  its  use.  A  quarry  at 
North  Vernon,  Indiana,  which  furnished  stone  of  undoubted  quality, 
could  not  deliver  the  quantity  as  rapidly  as  necessary.  There  were 
then  available  only  the  Indiana  oolitic  limestone  and  the  Berea  sand- 
stone quarries,  each  of  undoubted  character  and  of  sufficient  magni- 
tude to  furnish  rapidly  the  quantity  of  stone  required.  It  was  found, 
however,  that  the  oolitic  quarries  could  give  no  guarantee  of  prompt 
delivery  on  account  of  other  contracts,  and  it  was  decided  to  obtain 
the  face  stone  for  the  important  piers  from  the  Berea  sandstone 
quarries.  In  order  to  reduce  the  cost  of  masonry  to  that  originally 
specified,  the  King  Bridge  Company  requested  j^ermission  to  use 
concrete  heartings  in  the  piers  in  question.  The  writer  had  no  exj^e- 
rience  in  constructing  masonry  in  this  way,  but  knowing  it  had  been 
done  satisfactorily  in  several  instances  of  moderate-sized  piers,  readily 
granted  i3ermission  to  the  contractors  to  construct  Piers  Nos.  4  and  8 
as  requested. 

In  the  absence  of  information  regarding  the  comparative  elasticity 
of  concrete  and  Berea  sandstone,  consent  to  the  use  of  concrete  in  the 
interiors  of  the  large  Piers  Nos.  5,  6  and  7,  in  which  the  pressure  on 
the  lower  course  is  very  great,  was  withheld.  The  Berea  stone  is  com- 
paratively soft,  and  if  the  concrete  should  compress  more  than  it  did, 
the  periphery  of  the  jjier  woiild  be  subjected  to  crushing.  We  did  not 
care  to  take  any  chance  in  the  matter.  We  are  not  aware  of  any 
piers  of  this  size  thus  constructed  except  some  granite  piers  on  the 
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lV[ississii:)pi  River,  whicli  no  doubt  could  withstand  a  pressure  of  this 
kind. 

The  contract  price  for  the  substructure  was  as  follows: 

Fimt. — Filling  in  abutments  on  NeAvport  and  Cincinnati  sides, 
earth  or  gravel,  per  cubic  yard,  fO.22. 

Second. — Excavation  of  Piers  1,  2,  3,  9,  pedestals  and  abutment 
foundations,  per  cubic  yard,  ^0.44. 

Third. — Concrete  foundations,  per  cubic  yard,  $4.40. 

Fourth. — Pile  foundations,  per  linear  foot,  30.8  cents. 

Fifth. — First-class  masonry,  including  the  cost  of  foundation  ex- 
cavation, etc.,  for  Piers  Nos.  4  and  8,  $11.43  per  cubic  yard. 

Sixth. — First-class  masonry,  including  the  cost  of  foundation  com- 
plete for  Piers  Nos.  5,  6  and  7,  $12. 50  -pev  cubic  yard. 

Seventh.- — First-class  masonry,  Piers  Nos.  1,  2,  3,  9,  and  pedestals, 
per  cubic  yard,  $9.90. 

Eighth. — Second-class  masonry  in  abutments  and  ramps,  per  cubic 
yard,  $7.98. 

The  quantities  of  masonry  in  each  part  of  the  work  is  shown  in  the 
following  table  : 

Centkal  Bkidge,  Cincinnati-Newpokt. — Built  1890-91. 


Pier 

Number. 

Size  under  Sub- 
Coping. 

Size  at  Base  of 
Shaft. 

g  ,6Jb 
S  P 

.so 

Cubic 
Yards  of 
Masonry. 

Remarks. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

4'. 98  X  29'. 98 
4'. 98  X  29'. 98 
COO  X  30'. 00 
9'. 00  X  34'. 00 

10'. 00  X  34'. 00 

10'. 00  X  34'. 00 
9'.  no  X  34. 00 
7'. 00  X  32'  00 
7  .00  X  32'  00 

26'.  22 
39. 41 

47'.  00 
73. 90 

112'.  79 

104'.  09 
9  3'.  43 

87-.  14 
37".  28 

6'. 42  X  31'. 42 

7'.G3  X  32. 63 

9'. 07  X  33'. 07 

13'. 77  X  49. 52 

17". 34  X  53'. 66 

17'. 80  X  54'. 16 
16. 00  X  51'. 75 
13'. 47  X  4 6'. 83 
9'. 58  X  34'. 58 

18" 
18' 

IH" 

18" 
24" 

24" 

18" 
18" 
18" 

146.18 

271.68 

393  92 

1432.85 

2  357.61 

2  475.59 

1  974.12 

1  393.30 

330.06 

Square  Shaft. 

Circular  Shaft. 
Circular  Shaft,  inc. 
Caisson  in  H't. 
Circular  Shaft. 

Square  Shaft. 

Cin'ti 
Bamp. 

12" 

663.08 

Newport 
Eaiiip. 

12" 

1510.23 



Superstructure. — The  suiierstructure  of  this  bridge  consisted  of  the 
following  Sloans  as  shown  on  the  general  lay-out  : 
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Viaduct  spans:  one  s^jan,  36  feet;  four  spans,  28  feet  6  inches;  one 
through  span,  108  feet  center  to  center  of  jiiers;  three  spans,  27  feet 
each;  one  through  span,  162  feet  center  to  center  of  piers;  one  canti- 
lever arm,  252  feet;  one  cantilever  arm,  156  feet;  one  suspended  span, 
208  feet;  one  cantilever  arm,  156  feet;  one  cantilever  arm,  252  feet; 
two  through  spans,  254  feet  each.  Viaduct  spans:  one,  55  feet;  three, 
30  feet;  three,  61  feet;  one,  29  feet;  and  one,  50  feet.  The  clearance 
is  16  feet  above  the  toj?  of  roadway,  and  the  clear  width  between 
trusses  is  24  feet. 

The  specifications  governing  the  construction  of  this  portion  of  the 
work  are  very  full,  and  contain  a  number  of  features  which  will  be  dis- 
cussed by  r.  C  Osborn,  M.  Am.  Soc.  C.  E. ,  in  his  paper  on  the  can- 
tilever sjjan  of  the  bridge.  A  copy  of  the  specifications  will  be  found 
in  Appendix  2.  Full  information  in  regard  to  loads  and  unit  stresses 
allowed,  the  character  of  the  material  used  and  the  required  tests  will 
be  found  therein. 

The  insjjection  of  the  material  at  the  mills,  the  work  at  the  bridge 
shojis  and  the  erection  was  conducted  by  the  firm  of  G.  W.  G.  Ferris 
&  Co. ,  of  Pittsburgh.  About  six  hundred  and  fifty  tests,  taken  from 
rolled  sections,  were  made.  The  material  proved  to  be  of  first-class 
character,  all  that  was  accepted  falling  within  the  limitations  of  the 
specifications.  The  full-sized  eye-bars  tested  all  broke  in  the  body  of 
the  bar  with  the  excejjtion  of  one  which  failed  in  the  head  on  account 
of  a  flaw.  The  defective  head  was  ciit  off  and  another  put  on.  Upon 
a  re-test  this  bar  broke  in  the  body  of  the  bar. 

Centraxi  Bridge. — DETAiiiED  Weights,  Etc. 

Superstructure : 

Pounds. 

36-foot  span  and  bent  1 26  640 

28-foot  5-inch  span 11  545 

Two  28-foot  5-inch  spans  and  bents  2,  3  and  4 54  545 

28-foot  5-inch  span 11  215 

108-foot  truss  span 124  725 

27-foot  span 14  020 

27-foot  span  and  bents  5  and  6 35  385 

27-foot  2-inch  span 12  340 

Carried  forward 290  415 
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Pounds. 

Broiiglit  forward 290415 

162-foot  truss  span 202  010 

Shore  arms  of  cantilever 1  376  978 

River  arms  of  cantilever 691  360 

Suspended  span 335  185 

Two  254-foot  spans 809  160 

55-foot  girder  sjaans 45  550 

30-foot  Sloans  and  bents  7  and  8 37  396 

31-foot  5-inch  span 15  025 

30-foot  span  and  bents  9  and  10 33  566 

31-foot  5-inch  span 15  235 

30-foot  span  and  bents  11  and  12 33  396 

31-foot  5-inch  span 15  070 

29-foot  span  and  bents  13  and  14 28  432 

50-foot  girder 36  715 

3  965  483 
Eivets,  bolts,  etc 31  790 

Hook  bolts,  nails  and  spikes 36  945 

Finials  and  cresting 17  075 

Name  plates  and  castings 5  345 

Hand  railing,  Rail 176  695 

Braces 2  405 

Posts 12  955 

Lamps,  posts  and  braces 3  590 

Newel  posts 5  635 

Stairwavs 44  865 

337  300 

4  302  783 

Lumber  (white  oak)  for  floor 551  434  feet  B.  M. 

Paint,  650  gallons  (two  coats) 1  gallon  for  3 J  tons. 

Erection  of  Central  Bridge. — About  the  middle  of  September,  1890, 
although  the  masonry  was  in  somewhat  of  a  sad  plight,  and  it  was 
clearly  evident  that  the  contractors  could  not  complete  their  work  as 
agreed  upon,  there  was  sufficient  work  done  to  enable  hopes  to  be 
formed  that  the  work  could  be  completed  somewhere  in  the  neighbor- 
hood of  February  or  March,  1891. 
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On  the  Cincinnati  end  nothing  could  be  done  owing  to  the  right  of 
■way  not  yet  being  clear  and  the  sujierstructure  not  yet  comijleted. 
Work  "was  therefore  begun  on  the  Newport  end.  In  the  early  part  of 
October  the  viaduct  on  the  Newport  side  was  started  and  was  com- 
pleted by  the  25th  of  the  month.  On  October  30th  the  girders  across 
Front  Street  were  jjlaced  in  position.  On  November  12th  the  raising 
of  the  iron  si)an  between  Piers  8  and  9  was  begun,  the  false  work  hav- 
ing been  placed  between  these  piers  during  the  latter  j^art  of  October, 
and  by  the  loth  the  spans  were  connected.  On  the  21th  it  was  fully 
riveted  up  and  the  stringers  and  floor  beams  were  in  place.  On 
November  25th  the  false  work  for  the  span  between  Piers  7  and  8  was 
started  and  was  finished  December  3d,  and  by  December  9th  this  span 
was  fully  coupled  up. 

The  question  as  to  whether  the  Newj^oi-t  shore  arm  of  the  canti- 
lever between  Piers  6  and  7  should  be  erected  at  this  time  now  arose  ; 
the  work  on  the  caisson  for  Pier  No.  5  was  progressing  favorably,  and 
indications  were  that  it  would  be  prosecuted  to  a  finish  "n-ithout  inter- 
ru^jtion.  The  river  looked  very  favorable  (water  stage  15  feet),  and  it 
was  decided  to  erect  this  arm.  On  December  11th  the  work  on  the 
false  work  was  started  and  was  finished  by  the  20th,  and  on  the  21st  the 
raising  of  iron  began.  On  the  22d  reports  from  the  head  waters  of  the 
river  indicated  that  considerable  of  a  rise  coiild  be  expected,  so  that 
additional  energy  was  used,  and  by  the  23d  this  span  was  coupled  uiJ 
without  the  floor  beams  or  stringers. 

It  was  calculated  that  the  trusses  could  stand  their  own  weight 
alone,  if  found  necessary  to  remove  the  false  work  before  the  river 
arms  of  the  cantilever  were  erected.  As  the  indications  were  that  the 
river  would  reach  a  stage  of  over  30  feet,  in  which  false  work  could 
not  be  held,  it  was  determined  to  take  it  out,  and  this  was  done  by 
the  28th  of  the  month.  The  work  on  the  Newport  side  was  then 
stopped  until  some  reasonable  assurance  of  the  completion  of  Pier  No. 
5  could  be  had,  and  the  work  on  the  erection  of  the  river  arm  was  not 
started  until  the  following  May.  "VSTien  this  work  was  begun  the  ma- 
terial for  the  cantilever  arm  was  taken  out  in  barges  and  hoisted  into 
place.  This  work  was  very  difficult  and  expensive,  but  it  was  not 
safe  to  take  any  material  out  on  the  shore  arm  without  having  false 
work  to  support  it. 

After  extending  the  river  arm  three  panels  and  hanging  to  it  the 
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traveler  weighing  about  60  tons,  jjermission  was  given  the  contractor 
for  erection,  to  place  the  floor  system  of  the  shore  arm  in  position  and 
to  carry  out  the  material  along  the  bridge.  The  erection  towards  the 
center  of  the  cantilever  was  carried  on  slowly,  as  there  was  no  occasion 
to  jjush  this  until  Pier  No.  5  was  completed.  It,  however,  was  finished 
Jiine  18th,  at  the  same  time  as  Pier  No.  5. 

Prior  to  January  1st  the  right  of  way  on  the  Cincinnati  side  had 
been  fully  obtained,  cleared,  and  the  substructiire  finished.  On  Janu- 
ary 15th  the  Cincinnati  viaduct  was  erected  and  fully  riveted.*  By 
March  11th  the  162-foot  span  between  Piers  3  and  1  was  coupled  up. 
On  May  25th  the  false  work  on  the  Cincinnati  shore  arm  was  started 
and  finished  June  12th.  July  3d  this  arm  was  completely  coujjled 
up,  and  by  the  14th  the  inside  traveler  necessary  to  erect  the  canti- 
lever was  completed,  and  the  work  of  erecting  the  Cincinnati  canti- 
lever arm  started.  On  July  22d  the  two  arms  of  the  cantilever  met 
and  were  coupled  up  withoiit  any  difficulty.  The  wedges  and  screws 
used  gave  great  satisfaction  and  enabled  the  span  to  be  readily 
adjusted.  On  August  29th,  1891,  the  whole  work  was  comi^leted  and 
opened  for  the  use  of  the  public. 


THE   CANTILEVEE  SPAN. 


By  F.  C.  OsBOKN,  M.  Am.  Soc.  C.  E. 


One  of  the  objective  points  in  the  designing  of  this  structure  was 
the  elimination,  as  far  as  possible,  of  undulatory  and  vibratory  motion 
from  passing  loads.  To  this  end  the  stringers  were  riveted  rigidly  to 
the  floor  beams,  the  floor  beams  in  turn  rigidly  attached  to  jjosts  and 
suspenders,  and  the  latter  made  in  compression  form  in  order  to  better 
resist  any  tendency  to  vertical  vibration.  The  lower  lateral  bracing  is 
made  of  angles,  arranged  in  a  double  triangular  system,  the  angles 
attached  to  stringers  at  all  intersections  and  to  each  other  at  center  of 
panel;  the  attachment  to  chords  is  by  means  of  wing  plates  directly  to 
main  truss  pins. 

*  P.'ate  XXXI. 
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The  portal  bracing  at  the  ancliorage  end  of  the  shore  arm  is  in  box 
form,  taking  hold  of  both  top  and  bottom  flanges  of  the  end  post  by 
means  of  large  gusset  plates  and  also  attaching  securely  to  the  tojj 
and  bottom  flanges  of  the  top  chord.  The  portal  rods  are  made  double 
and  attach  to  long  pins  jiassing  through  the  gussets. 

The  top  chord  bars  of  the  river  cantilever  arms  are  made  in  two- 
panel  lengths,  and  are  supported  by  the  light  vertical  posts  and  toj) 
lateral  struts  in  such  a  way  as  to  clamp  them  securely  in  position  and 
at  the  same  time  effectively  transmit  the  wind  pressure  at  the  j^anel 
point  to  the  top  lateral  bracing. 

Owdng  to  the  sharp  grade  of  the  cantilever  spans  the  proper  position 
for  the  tall  jiosts  over  the  j)iers  became  an  interesting  question.  If  they 
were  made  vertical,  the  other  posts  and  suspenders  being  normal  to 
the  bottom  chord  and  grade,  it  would  make  a  short  jDanel  on  one  side 
of  the  post  and  a  long  one  on  the  other,  and  give  the  post  the  appearance 
of  leaning  ujj-grade,  as  well  as  an  aw^kward  look  on  account  of  not  being 
parallel  with  the  posts  on  either  side  of  it.  These  objections  could 
have  been  met,  of  course,  by  making  all  posts  and  suspenders  vertical 
instead  of  normal  to  the  grade.  If  this  was  done,  however,  it  would 
have  to  be  done  on  the  adjacent  spans,  two  of  254  feet  each  and  one  of 
162  feet,  and  the  extra  exj^ense  would  have  been  greater  than  was 
thought  justifiable.  After  considerable  study  and  the  making  of  scale 
drawings  of  the  several  combinations,  it  was  decided  to  make  all  posts, 
including  the  large  ones  over  the  pier,  perpendicular  to  the  grade. 

The  camber  calculations  for  the  river  arm  of  the  cantilever  were 
made  on  the  basis  of  the  full  dead  load  and  one-half  only  of  the  maxi- 
mum live  load  strain.  The  compression  members  were  lengthened  and 
the  tension  members  shortened  by  an  amount  corresponding  to  their 
change  in  length  from  the  strains  caused  by  the  above  loading.  The 
lengths  of  members  in  the  shore  arm  w^ere  calculated  as  thoiigh  the 
bottom  chord  w^as  perfectly  straight  and  the  posts  perpendicular  to  it, 
no  allowance  being  made  for  upward  or  downward  deflection.  After 
swinging,  and  before  the  erection  of  the  river  arm,  this  span  would 
deflect  downward;  under  the  dead  load  alone  of  the  completed  struct- 
ure it  would  deflect  upward;  with  the  live  load  covering  this  arm 
alone  it  would  deflect  downward  at  the  anchorage  end  and  upward  at 
the  other,  the  bottom  chord  taking  the  form  of  a  reverse  curve. 

The  calculated  maximum  anchorage  strain  is  136000  pounds  at  the 
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end  of  each  truss,  and  is  taken  tip  by  a  6  x  1^-inch  steel  eye-bar  pas 

20  feet  into  the  masonry  and  attached  to  a  box  girder  7  feet  square  and 

2  feet  deep. 

Provision  for  alternate  strains  of  tension  and  compression  in  the  top 
chord  of  the  anchorage  arm  is  made  by  using  eye-bars  for  the  full 
tension  strain  and  a  built  member  for  the  full  compression  strain. 
The  compression  chord  is  prevented  from  taking  up  any  tensile  strain, 
by  means  of  oblong  pin  holes  which  permit  the  compression  members 
to  separate  at  the  joint. 


.A^ipjpEJsriDiix:  I. 


SPECIFICATIONS  FOE    SUBSTKUCTURE   OF  THE  "CENTRAL 

BRIDGE"  OVER    THE   OHIO    RIVER,    BETWEEN 

CINCINNATI  AND  NEWPORT,  FOR  THE 

CENTRAL    RAILWAY    AND 

BRIDGE  COMPANY. 

Ahulments. — The  abutments  or  ramps  on  the  Cincinnati  and  Newjiort 
sides  shall  be  respectively  about  277  and  330  feet  long ;  they  shall  be 
formed  of  two  side  walls  of  masonry  capped,  as  shown  on  plans,  -with 
coping  courses  12  inches  thick  and  2  feet  wide,  supporting  the  side 
railings,  and  form  the  remainder  of  the  width  of  the  sidewalks  -with 
Berea  sandstone  flags  not  less  than  9  inches  thick,  laid  in  cement  with 
parallel  joints,  and  a  front  wall  supporting  the  end  of  the  iron  super- 
structure, capped  with  limestone  not  less  than  18  inches  thick.  The 
ends  of  the  flagstone  on  the  roadway  side  shall  be  supported  on  a  good 
and  suitable  foundation,  as  the  engineer  may  direct. 

These  walls  shall  be  built  of  freestone  ashlars  not  less  than  10 
inches  thick ;  they  shall  be  founded  on  a  bed  of  concrete  or  on  pile 
foundations,  as  the  nature  of  the  ground  may  recjuire.  The  spaces 
between  the  walls  shall  be  filled  with  earth,  gravel  or  broken  stone,  or 
brick  deposited  in  12-inch  layers,  upon  which  the  pavement  and  tracks 
for  the  wagon-ways  and  tramways  shall  be  laid. 

Pedestals. — There  shall  be  twelve  i^edestals  of  masonry  for  the  via- 
duct approach  on  the  Cincinnati  side,  and  sixteen  for  the  viaduct 
approach  on  the  Newport  side.     The  i^edestals  shall  be  built  of  free- 
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stone  ashlars  not  less  than  18  inches  thick,  cajjped  with  a  single  block 
of  limestone  not  less  than  18  inches  thick.  They  shall  be  founded  on 
a  bed  of  concrete,  or  on  a  pile  foundation,  as  the  nature  of  the  ground 
may  require. 

Piers. — Numbering  from  the  Cincinnati  side.  Piers  Nos.  1,  2,  3,  4 
and  9  shall  be  founded  on  pile  or  concrete  foundations,  the  bottom  of 
the  masonry  being  from  6  to  10  feet  below  the  surface  of  the  ground. 

Piers  Nos.  5,  6,  7  and  8  shall  be  founded  on  the  bed  rock  of  the 
river.  The  rock  shall  be  excavated  from  4  to  6  feet  in  depth,  and 
properly  dressed  to  receive  the  first  course  of  masonry;  the  spaces 
between  the  side  walls  of  the  pit  and  the  masonry  of  the  piers  shall  be 
filled  with  concrete  to  an  even  elevation  with  the  bottom  of  the  river. 

Piers  Nos.  1,  2,  3  and  9  shall  be  rectangular  in  shape,  in  a  hori- 
zontal section,  with  a  batter  of  one-half  inch  to  the  foot  on  all  faces. 

Piers  Nos.  4,  5,  6,  7  and  8  shall  also  be  rectangular  in  shaj^e  from 
the  top  of  coping  down  to  the  elevation  of  high  water.  From  high 
water  down  they  shall  have  a  semi-circular  nosing  at  each  end,  as 
shovm  on  plans. 

The  general  dimensions  for  each  pier  shall  be  approximately  as 
follows : 


Coping. 

Pier  1,  8  X  32 

"2,  8  X  32 

"3,  8  X  32 

"    4,  11  X  36 

"    5,  12  X  36 

"    6,  12  X  36 

"    7,  11  X  36 

"8,  9  X  32 

"9,  9  X  32 


Heights. 


29 

41 

34 

79 

34 

71 

29 

70 

21 

70 

Total. 

23  feet. 


34 
42 
70 
113 
105 
99 
91 
36 


The  masonry  of  Piers  Nos.  1,  2,  3  and  9  shall  be  of  freestone  ashlars 
not  less  than  16  inches  thick ;  the  coping  shall  be  no  less  than  18 
inches  thick,  and  of  approved  stone. 

The  masonry  of  Piers  Nos.  4  and  8  shall  be  of  Berea  sandstone  ash- 
lars for  the  face,  with  concrete  hearting  below  high  water. 

Piers  Nos.  5,  6  and  7  shall  be  of  Berea  sandstone  facing  and  Ohio 
River  freestone  hearting  below  high  water. 

The  masonry  of  Piers  Nos.  4,  5,  6,  7  and  8  shall  be  composed  en- 
tirely of  freestone  ashlars  above  high  water  to  the  under  side  of  coiJ- 


196  APPENDIX   ON   CANTILEVER  HIGHWAY   BRIDGE. 

ing.  The  depth  of  the  courses  shall  not  be  less  than  16  inches.  The 
coping  courses  shall  be  of  limestone  of  approved  quality  not  less  than 
24  inches  thick  for  Piers  Nos.  5  and  6,  and  18  inches  thick  for  piers 
Nos.  4,  7  and  8. 

Each  i^ier  shall  have  one  or  more  footing  courses.  The  anchorage 
for  the  ends  of  the  Cantilever  spans  on  Piers  Nos.  4  and  7,  as  well  as 
the  anchor  bolts  in  pedestals  of  the  viaducts,  shall  be  put  in  by  the 
contractor  for  the  substi'ucture  ;  the  iron  work  for  the  same  shall  be 
furnished  by  the  Bridge  Company. 

Genekal. 

All  coffer-dams  and  scaffoldings  used  for  the  construction  of  the 
piers,  as  well  as  all  surplus  material  excavated  for  the  foundations  of 
the  same,  shall  be  removed  by  the  contractor  before  payment  of  the 
final  estimate.  The  material  excavated  from  the  foundations  of  the 
river  piers  shall  be  deposited  in  such  a  place  as  not  to  cause  any  ob- 
struction in  any  portion  of  the  river.  The  place  of  deposit  shall  be 
satisfactory  to  the  proper  authorities. 

Piers  and  pedestals  shall  be  built  of  first-class  masonry.  The  abut- 
ments shall  be  of  second-class  masonry.  All  joints  of  the  masonry 
shall  be  neatly  pointed  off  with  rich  cement  mortar.  No  masonry 
shall  be  laid  in  freezing  weather  without  permission  of  the  Engineer. 

All  materials  shall  be  inspected,  and  shall  be  used  only  when 
ai^proved  and  accepted  by  the  engineer.  All  work  shall  be  done 
under  the  direction  and  to  the  accejitance  of  the  engineer.  All 
defective  work  shall  be  promptly  taken  down  by  the  contractor  on 
orders  from  the  engineer,  and  rebuilt  properly  at  the  contractor's 
expense. 

In  the  absence  of  the  contractor  from- any  part  of  the  work,  the 
engineer  shall  give  his  orders  respecting  that  work  to  whomso- 
ever it  may  be  in  charge  of,  or  executing  the  said  work,  and  his  orders 
shall  be  respected  and  obeyed.  The  contractor  assumes  all  risks 
arising  from  the  weather,  accidents  or  causualties  of  any  kind. 

Masonry  detail?  shall  be  prepared  by  the  engineer  for  each  struct- 
iire,  and  a  copy  of  the  same  shall  be  furnished  the  contractor  before 
beginning  the  work. 

Masonry  shall  be  divided  into  two  classes:  first  and  second-class^ 
masonry. 
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Fi7-st-class  Masonry. — For  Piers  Nos.  4  and  8:  The  thickness  of  the 
courses  shall  vary  from  16  inches  thick  to  30  inches  thick,  and  the 
courses  shall  decrease  uniformly  in  thickness  from  the  bottom  to  the 
top  of  piers.  The  j)iers  shall  consist  of  alternate  courses  of  headers 
and  stretchers.  They  shall  not  be  less  than  3^  feet  nor  more  than  6 
feet  long,  and  shall  be  no  less  than  16  inches  nor  more  than  30  inches 
thick,  nor  less  in  width  than  one  and  one-quarter  times  the  depth  of 
the  course  to  which  they  belong. 

The  casings  shall  be  of  Berea  sandstone  and  the  piers  shall  be 
filled  with  concrete  made  of  Louisville  selected  and  inspected  cement. 
The  casings  shall  be  laid  in  alternate  courses  of  headers  and  stretchers; 
the  face  stones  shall  be  square;  the  joints  shall  be  three-eighths  of  an 
inch  in  thickness.  The  vertical  joints  three-eighths  of  an  inch  in  thick- 
ness shall  extend  backward  from  the  face  of  the  wall  no  less  than  12 
inches,  and  as  much  more  as  the  stone  will  admit.  The  concrete  fill- 
ing shall  be  placed  in  the  pier  upon  the  comj^letion  of  each  course  of 
the  casing.  It  shall  be  mixed  and  deposited  in  place  as  specified  under 
the  head  of  "concrete." 

All  face  stone  must  hold  their  size  back  in  the  heart  of  the  wall  that 
they  show  on  the  face. 

All  stone  must  lie  on  their  natural  quarry  bed,  and  must  be  cleaned 
carefully  and  dampened  before  setting.  They  must  have  their  beds 
and  joints  well  dressed,  and  true  to  the  proper  plane.  The  beds  shall 
be  made  as  large  as  the  stones  will  admit  of.  All  face  stones  shall 
break  joints  not  less  than  12  inches. 

No  hammering  on  the  stone  will  be  allowed  after  it  is  set,  but  small 
inequalities  may  be  jaointed  ofi"  carefully. 

The  masonry  shall  be  rock  faced,  with  no  projections  of  more  than 
3  inches  from  the  proper  plane. 

The  belting  and  coping  courses,  as  well  as  quoins,  shall  have  drafts 
Ij  inches  wide.  The  coping  stones  shall  have  j)arallel  joints  dressed 
throughout.  They  shall  be  of  such  dimensions  as  may  be  required  by 
the  engineer.  They  shall  be  tied  together  with  iron  clamps  made  of 
seven-eighths  inch  square  iron;  they  shall  extend  9  inches  within  the 
edge  of  each  stone  and  their  points  shall  extend  4  inches  into  each 
stone;  the  clamps  shall  be  set  in  lead. 

Firat-class  Masonry  for  Piers  Nos.  5,  6  and  7. — The  jjiers  shall  con- 
sist of  headers  and  stretchers,  and  there  shall  be  at  least  one  header  to 
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every  three  stretchers,  or  more  frequently  if  necessary  in  the  opinion 
of  the  engineer. 

Headers  and  stretchers  shall  not  be  less  than  3i  feet  nor  more  than 
7  feet  long,  according  to  thickness,  nor  less  in  width  than  one  and  a 
quarter  times  the  depth  of  the  course  to  which  they  belong. 

The  thickness  of  the  courses  shall  not  be  less  than  16  inches  nor 
more  than  30  inches,  and  they  shall  decrease  uniformly  from  the  bottom 
to  the  top  of  walls. 

Face  stones  must  hold  the  size  back  in  the  heart  of  the  wall  that 
they  show  on  the  face. 

All  stones  must  lie  on  their  natural  quarry  bed  and  must  be  cleaned 
carefully  and  dampened  before  setting.  They  must  have  their  beds 
and  joints  well  dressed  and  true  to  their  proper  j)lane. 

The  beds  shall  be  made  as  large  as  the  stones  will  admit;  the  verti- 
cal joints  of  the  face  must  be  in  contact  at  least  6  inches  measured  in 
from  the  face.  The  face  stones  shall  break  joints  not  less  than  12 
inches.  The  backing  shall  be  of  good-sized,  well-shaped  stones,  laid 
so  as  to  break  joints,  and  thoroughly  bond  the  work  in  all  directions. 
The  joints  shall  not  be  less  than  three-eighths  of  an  inch  nor  more  than 
five-eighths  of  an  inch  thick.  There  shall  be  no  spaces  larger  than  6 
inches  between  the  backing  stones;  they  shall  be  filled  with  small  stones 
laid  flush  in  cement  mortar.  The  whole  of  the  masonry  shall  be  laid 
flush  in  cement  mortar,  so  as  to  fill  thoroughly  all  joints,  beds  and 
spaces  between  stones.  To  remove  all  doubts  as  to  this  point,  each 
course  shall  also  be  grouted,  if  required  by  the  engineer. 

No  hammering  on  the  stone  will  be  allowed  after  it  is  set,  but  small 
inequalities  may  be  pointed  off  carefully. 

The  masonry  shall  be  rock  faced,  with  no  projections  of  more  than 
3  inches  from  the  proper  line. 

The  belting  and  coping  courses,  as  well  as  all  quoins,  shall  have 
drafts  li  inches  wide.  The  coping  stone  shall  have  parallel  joints 
dressed  throughout.  They  shall  be  of  such  dime;isions  as  may  be 
required  by  the  engineer.  They  shall  be  tied  together  with  iron 
clamps  made  of  seven-eighths  of  an  inch  square.  They  shall  extend  9 
inches  within  the  edge  of  each  stone,  and  their  points  shall  extend  4 
inches  into  each  stone;  the  clamps  shall  be  set  in  lead. 

First-class  Masonry  for  Piers  Nos.  1,  2,  3  and  9. — Shall  be  built 
entirely  of  Ohio  Eiver  freestone.     The  piers  shall  consist  of  headers 
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and  stretchers,  and  there  shall  be  at  least  one  header  to  every  three 
stretchers,  and  more  frequently  if  necessary  in  the  oj^inion  of  the 
engineer. 

Headers  and  stretchers  shall  not  be  less  than  2i  feet  nor  more  than 
6  feet  long,  according  to  thickness,  and  not  less  than  1^  feet  wide, 
nor  less  in  width  than  the  depth  of  the  courses  to  which  they  belong. 
In  all  other  respects  the  specifications  governing  the  construction  of 
Piers  Nos.  5,  6  and  7  shall  be  used  in  the  construction  of  Piers  Nos.  1, 
2,  3  and  9. 

Second-class  Masonry. — Face  stones  shall  not  be  less  in  thickness 
than  sjjecified  for  on  each  piece  of  work. 

Joints. — Vertical  joints  on  the  face  must  be  in  contact  at  least  4 
inches  measured  in  from  the  face,  and  as  much  more  as  the  stone  will 
admit  of. 

Backing. — Shall  be  of  large,  well-shaped  stones,  having  good  natu- 
ral or  scabbled  beds,  the  thickness  corresponding  to  the  face  stones 
of  the  same  course.  Bond  of  face  and  backing  stones  shall  not  be  less 
than  12  inches. 

In  all  other  resjjects  second-class  masonry  shall  be  constructed  as 
specified  under  the  heads  of  "First-class  Masonry  "  for  Piers  Nos.  5, 
6  and  7. 

Concrete. — Concrete  shall  be  composed  by  actual  measurement  of  four 
measures  of  broken  stone  of  uniform  size,  not  more  than  2  \  inches  in  any 
direction,  free  from  clay  and  soa^jstone  and  well  screened,  two  meas- 
ures of  sand  and  one  measure  of  cement.  The  broken  stone  is  to  be 
well  watered,  and  stone  and  mortar  thoroughly  turned  and  mixed  on  a 
tight  plank  floor  immediately  before  using  until  every  stone  is  coated 
with  the  mortar. 

All  concrete  is  to  be  laid  in  sections  or  layers,  not  exceeding  9  inches 
in  thickness,  and  is  to  be  thoroughly  rammed.  It  must  be  mixed  so 
dry  that  the  water  will  not  flush  to  the  surface  until  the  ramming  is 
nearly  completed.  The  ramming  must  be  completed  within  fifteen 
minutes  after  the  water  has  been  mixed  Avith  the  cement.  Concrete 
shall  be  allowed  at  least  twelve  hours  to  set  before  masonry  is  laid 
on  it. 

I  Pile  Foundations. — The  piles  shall  be  of  white  oak,  not  less  than  8 

inches  in  diameter  at  the  small  end  and  12  inches  at  the  butt  end, 
with  the  bark  peeled  ofl".  They  shall  be  straight  and  carefully  pointed 
I 
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or  shod  witli  ai)proved  cast  or  wrouglit  iron  shoes,  if  required  by  the 
engineer. 

They  shall  be  driven  to  such  a  depth  as  the  engineer  may  direct. 
They  shall  be  driven  with  suitable  rings  and  with  a  heavy  hammer, 
with  short  falls,  if  necessary,  to  avoid  splitting.  All  piles  badly  split 
or  otherwise  injured  in  driving,  or  driven  out  of  place  by  the  fault  of 
the  contractor,  shall  be  replaced  with  others  at  the  contractor's  expense. 

The  piles  shall  be  cut  off  level  2  feet  below  the  bottom  of  the 
masonry,  and  1  foot  above  the  bottom  of  excavation.  The  pit  shall 
then  be  filled  with  concrete  to  the  level  of  the  top  of  the  piles,  and  the 
piles  capi^ed  by  12  x  12-inch  timbers  of  one  length  drift-bolted  to  the 
piles  with  iron  drifts  1  inch  in  diameter.  The  spaces  between  the  cajjs 
shall  be  filled  with  concrete,  and  the  platform  made  of  12  x  12-inch 
timbers  laid  closely  together. 

After  the  first  course  of  masonry  is  laid,  the  spaces  between  it  and 
the  sides  of  the  excavation  shall  be  filled  with  concrete  to  a  height  of  12 
inches  above  the  top  of  the  jjlatform.  After  the  masonry  has  been  car- 
ried above  ground,  the  remainder  of  the  pit  shall  be  filled  with  the 
material  excavated,  well  rammed  in,  and  the  pavement,  if  any,  that 
was  removed  for  the  excavation,  shall  be  carefully  relaid  and  left  in  as 
good  condition  as  it  was  before. 

The  si^aces  between  the  walls  of  ramps  shall  be  paved,  guttered  and 
curbed  with  granite  in  accordance  with  the  specifications  in  force  for 
similar  work  in  the  City  of  Cincinnati. 

Matekials. 

Stone. — The  freestone  shall  be  equal  to  the  best  qiiality  of  what  is 
known  as  the  Ohio  River  freestone,  procurable  on  the  river  between 
Maysville  and  Portsmouth.  The  limestone  shall  be  equal  to  the  best 
quality  of  Indiana  compact  limestone,  procurable  near  North  Vernon 
and  Greensburg,  Ind. 

All  stone  must  be  sound,  of  sufficient  strength  to  stand  the  required 
pressure  without  danger  of  crushing,  not  liable  to  be  affected  by  the 
weather,  and  shall  be  thoroughly  seasoned  before  using. 

Cement. — The  cement  shall  be  equal  to  the  best  qiiality  of  Louisville 
hydraulic  cement.  It  shall  stand,  without  breaking,  a  tensile  strength 
of  not  less  than  100  pounds  jjer  square  inch  in  briquettes  seven  days 
old.     It  shall  not  swell  or  crack  in  the  process  of  hardening. 


APPENDIX    ON"    CAis^TILEVER    HIGHWAY    BRIDGE.  201 

Sand. — Tlie  sand  shall  be  clean,  sharp  river  sand,  properly  screened 
from  all  dirt,  clay,  soapstone,  or  other  impiirities. 

Mwtar. — The  cement  mortar  shall  be  generally  comj^osed  of  one 
measure  of  cement  to  two  measures  sand  well  mixed  with  clear  water 
in  clear  water  beds  and  used  immediately  after  mixing.  Different  pro- 
portions of  sand  and  cement  shall  be  used  when  required  by  the 
engineer. 

Timber. — All  the  permanent  timbers  used  in  the  foundations  shall 
be  of  sound  white  oak  cut  from  living  trees,  free  from  worm  holes,  dry 
rot,  decayed  and  loose  knots,  wind  shakes,  and  all  other  defects  impair- 
ing its  strength  and  durability.  It  shall  be  sawed  true  and  of  full  size. 
Sap  angles  measuring  over  Ij  inches  on  the  face  shall  not  be  allowed. 

Iron. — All  wrought  iron  in  bolts,  spikes,  clamps,  pile-shoes  and  other 
parts  used  in  the  substructure,  shall  be  of  the  best  quality  of  tough, 
ductile  metal,  that  will  stand  50  000  pounds  tension  per  square  inch 
before  breaking,  with  15  per  cent,  elongation  in  specimens  three-quar- 
ters of  an  inch  square,  12  inches  long,  and  bend  cold  180  degrees  on  a 
circle  IJ  inches  in  diameter. 

All  cast  iron  shall  be  of  tough,  gray  metal  that  will  stand  18  000 
2)ounds  tension  -per  square  inch  before  breaking. 


.A-I^:e>eistidi:x:  ii. 

SPECIFICATIOXS  FOE  THE  CENTRAL  RAILWAY  AXD  BREDGE 

COMPANY'S  HIGHTV'AY  BRIDGE  OYER  THE  OHIO 

EIYER  FROM  CINCINNATI,  OHIO,  TO 

NEWPORT,  KY. 

Form  of  Truss. — The  form  and  dimensions  of  trusses  sho"«'n  on  the 
general  drawings  will  be  satisfactory. 

Strain  Sheets. — The  strain  sheets  submitted  must  show  for  each 
member  of  the  truss  and  for  cross  bracing  the  maximum  live  and  dead 
load  stresses  sustained,  together  with  the  wind  stresses  in  the  top  and 
bottom  chord  and  end  brace,  the  dimensions  and  area  of  cross-sections, 
the  kind  of  metal  used,  also  the  dead  load  assumed  in  the  calculations, 
which  must  not  be  less  than  the  actual  weight  of  the  structure. 
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Detail  Drawings. — Tracings  of  comi^lete  detail  drawings  must  be 
submitted  for  approval  and  be  approved  by  the  engineer  before  work 
is  commenced.  A  coj^y  of  every  approved  strain  sheet  and  drawing 
shall  be  furnished  the  engineer  within  ten  days  after  its  approval,  and 
all  working  drawings  required  by  the  engineer  will  be  furnished  free 
of  cost. 

Material. — All  parts  of  the  structure  shall  be  of  wrought  ii-on  or 
steel,  except  washers,  separating  si:)ools  (over  1  inch  in  thickness)  and 
ornamental  work,  which  may  be  of  cast  iron,  and  the  flooring  herein- 
after specified. 

Clearance. — All  through  spans  shall  have  a  clear  height  of  not  less 
than  16  fe.et  above  the  top  of  roadway  floor,  a  clear  width  between 
trusses  of  24  feet  and  two  sidewalks  7  feet  in  the  clear.  The  clear 
width  between  guard  rails  shall  not  be  less  than  22  feet. 

Temperature. — Provision  must  be  made  in  all  parts  of  the  structure 
for  the  expansion  and  contraction  corresponding  to  a  variation  of  150 
degrees  Fahr.  in  temperature. 

Flock. 

Depth. — The  depth  of  floor  from  toj)  of  roadway  to  lowest  i^oint  of 
iron  work  shall  not  exceed  5  feet. 

Plan. — The  floor  beam  may  be  riveted  to  Zee  iron  or  steel  j^osts  by 
means  of  gusset  plate  above  pin ;  or,  if  the  posts  are  composed  of 
channels  or  built  ujd  with  plates  and  angles,  the  webs  of  floor  beams 
can  pass  through  slots  in  the  posts  and  be  riveted  to  angles  on  the 
interior  of  same.     Tension  on  rivet  heads  must  be  avoided. 

Bottom  Laterals. — The  bottom  laterals  must  be  attached  directly  to 
the  bottom  chord  pins  by  wing  plates  or  by  other  effective  means.  If 
a  stiff  system  is  used  the  members  must  be  riveted  at  their  intersec- 
tions ;  if  rods  are  used  they  must  be  securely  clamped  together. 

Roadiimy. — The  roadway  shall  consist  of  six  lines  of  iron  stringers 
riveted  to  floor  beams.  These  stringers  shall  be  covered  with  cross 
timbers  of  suitable  dimensions,  spaced  at  not  more  than  30  inches 
centers.  These  cross  timbers  to  be  covered  with  two  layers  of  plank- 
ing, the  lower  course  being  3  inches  in  thickness  and  not  exceeding  8 
inches  in  width,  laid  longittidinally  with  one-fourth-inch  open  joints. 
The  top  course  will  be  2^  inches  thick,  laid  transversely  and  with  close 
joints,  excepting  that  adjacent  to  track  rail  there  will  be  one  longitud- 


APPENDIX    ON    CANTILEVER    HIGHWAY    BRIDGE.  203 

inal  strip  8  inches  in  width ;  the  remaining  top  course  of  planking 
must  not  exceed  6  inches  in  Avidth.  Each  cross-tie  must  be  notched 
over  the  stringers  at  least  one-half  inch,  and  be  securely  fastened  to 
the  outside  flanges  of  outside  stringers  bv  tive-eighths-inch  hook  bolts 
and  in  addition  at  two  intermediate  stringers,  and  so  arranged  to  alter- 
nate in  each  consecutive  tie.  These  hook  bolts  must  be  provided  viith 
a  wrought -iron  washer  under  nut.  The  cross-ties  must  extend  without 
break  over  all  stringers.  The  bottom  course  of  planking  shall  be 
securely  fastened  to  cross-ties  by  wrought -iron  s^^ikes  at  least  7  x  |- 
inches,  two  at  each  end  and  at  alternate  edges  over  each  cross-tie. 
The  top  coiirse  of  planking  will  be  securely  fastened  to  the  bottom 
course  by  fifty-penny  nails  of  approved  quality. 

Guard  Rail. — The  wheel  guards  will  be  8  x  8  inches,  supported  by 
blocks  Si  inches  high,  10  inches  wide  and  10  inches  long,  spaced 
center  to  center  a  distance  of  5  feet,  or  the  distance  center  to  center  of 
every  other  cross-tie.  These  blocks  are  to  be  beveled  at  one  end  to  a 
width  of  8  inches  at  their  top;  the  guard  rail  will  be  beveled  on  lower 
inner  edge  not  less  than  1  inch  between  faces  of  blocks;  these  blocks 
will  be  suj^ported  directly  on  the  lower  course  of  planking.  The 
guard  rail,  block,  lower  course  of  planking  and  cross-tie  shall  be 
securely  fastened  by  a  three-quarter-inch  bolt,  provided  with  -wTought- 
iron  washers  above  and  below. 

Sidewalk. — The  sidewalk  floor  shall  consist  of  one  course  6  x  2-inch 
planking  laid  with  one-fourth-inch  oj^en  joints  on  cross-ties  of  suitable 
size,  spaced  not  more  than  2  feet  on  centers,  and  laid  transversely  on 
iron  stringers;  separating  strips  must  be  used  at  least  6  inches  long, 
one-fourth  inch  thick  and  2  inches  in  width  over  each  cross-tie  be- 
tween each  line  of  planking.  These  separating  striijs  are  to  be  se- 
curely nailed  to  edge  of  planking.  The  cross-ties  shall  be  secured  to 
top  flanges  of  outside  stringers-by  five-eighths-inch  hook  bolts  jjro- 
vided  with  wrought-iron  washers.  The  flooring  of  the  sidewalk  shall 
be  fastened  with  forty-penny  nails — two  at  each  end  of  planks,  and  at 
alternate  edges  of  each  consecutive  cross-tie.  Suitable  j^ro-s-ision  must 
be  made  for  completely  boxing  in  the  lower  chord  of  spans. 

Sidewalk  Railiiig. — A  substantial  iron  railing,  not  less  than  4  feet  in 
height  and  of  api^roved  design,  shall  be  erected  on  the  outer  line  of 
sidewalks  the  entire  length  of  the  bridge  and  approaches.  The  rail- 
ings on  superstructure  shall  have  posts  resting  directly  on  the  floor 
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beam,  and  be  securely  braced  thereto  by  outside  braces  of  proper  in- 
clination, and  extending  nearly  to  the  top  of  posts.  The  railings 
over  the  approaches  shall  be  securely  fastened  by  bolts  let  into  the 
masonry  and  properly  leaded.  Intermediate  stays  shall  be  provided 
at  center  of  panels. 

Lighting. — Provision  for  lighting  the  entire  structure  must  be  made, 
nsing  lamps  and  posts  of  design  approved  by  the  engineer. 

Gas  Main. — Suitable  provision  mtist  be  made  for  carrying  under 
the  sidewalk  one  line  of  15-inch  gas  main. 

Loads. 

Dead  Loach. — The  structure  shall  be  proportioned  to  carry  the  fol- 
lowing load,  viz. : 

First. — The  weight  of  iron  and  steel  in  the  structure,  the  weight 
of  iron  being  assumed  at  3J  pounds  for  12  cubic  inches  and  the  weight 
of  steel  2  per  cent,  heavier. 

Second. — The  weight  of  wooden  floor,  considering  each  foot  B.  M.  to 
weigh  Al  pounds  for  white  oak.  No  extra  allowance  need  be  made  for 
spikes,  and  railings  may  be  assumed  to  weigh  30  pounds  per  lineal 
foot  each.  Track  rails  may  be  assumed  to  weigh  80  pounds  per  lineal 
foot  of  bridge. 

The  total  dead  panel  loads  will  be  distributed  at  top  and  bottom 
points  as  follows: 

1st.  On  loaded  chords: 

[a.)  One-half  load  resulting  from  weight  of  trusses. 

{b.)  The  panel  loads  resulting  from  weight  of  lateral  system  in 

the  jjlane  of  the  chord. 
(c.)  One-half  the  weight  of  sway  system  at  jjanel  points  where 

occurring. 
((/. )  The  panel  loads  resulting  from  weight  of  wooden  floor,  floor 
beams,  stringers,  sidewalk  brackets,  sidewalk  railings  and 
track  rails. 
2d.   On  unloaded  chords: 

{a. )  One-half  the  panel  load  resulting  from  weight  of  trusses. 
{h.)  The  i^anel  loads  resulting  from  weight  of  lateral  system  in 

the  plane  of  the  chord. 
(c.)  One-half  the  weight  of  sway  system  at  panel  points  where 
occurring. 
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Live  Loads. — For  all  tmss  members  receiving  more  than  one  panel 
load  75  pounds  per  square  foot  of  clear  roadway  and  sidewalks  for  25i- 
foot  spans;  80  pounds  per  square  foot  for  suspended  span  and  canti- 
lever arms;  85  pounds  per  square  foot  for  162-foot  span;  100  jjounds 
per  square  foot  for  108-foot  span.  For  stringers,  floor  beams,  long 
suspenders  and  iron  trestle  100  pounds  per  square  foot  of  clear  road- 
way and  sidewalks,  or  an  Aveling  &  Porter  15-ton  steam  road  roller. 

In  the  calculation  of  stresses  the  following  conditions  of  live  load 
will  be  assumed : 

For  main  truss  members,  the  roadway  and  both  sidewalks  will  be 
considered  loaded. 

For  trestle  legs  and  long  suspenders,  roadway  and  one  sidewalk 
only  T\T.ll  be  considered  loaded,  and  for  floor  beams,  the  roadway  will 
be  considered  loaded  with  sidewalks  unloaded,  also  roadway  unloaded 
with  sidewalks  loaded. 

Ai.i.owi:d  Stbesses. 

Allowed  stresses  per  square  inch  in  pounds  for  diflferent  members 

will  be  as  follows : 

Tension  Members: 

Wrought  Iron.  Steel. 

^  Wers'"^  1-    10  000  (  1  -i-  ^^^^l^^  \  u  000  (  1  -i-  ^^^lE^I^^) 
cuuuieis,       )  V  max.  stress  /  \  max.  stress/ 

Shapes      and) 

angles     (net  V    10  000  12  000 

section),         ) 
Lateral  rods,         18  000 
Compression  3Iembers  : 

Wrought  Iron. 

Square  ends,  9  000  —  30- 

r 

One     square )  , 

and  one  pin  I     9  000  —  35- 

end,  )  ^ 

Pin  ends,  9  000  —  40- 

r 

Lateral  Struts: 

In  which  /  equals  distance  between  supports  in  inches,  r  equals 
least  radius  of  gyration  in  inches, 

11000  —  50-^ 

Flanges  of  floor  beam,  )  Tension — Same  formula  as  for  eye-bars 

stringers  and  plate  girders  i  and  counters. 


steel. 

15  000  - 

-60  A 
r 

15  000  - 

r 

15  000  - 

-sol 

r 
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Compression : 

In  wliicli  I  equals  unsupported  length  in  inches,  b  equals  width  of 

flange  in  inches, 

10  000 

IJ '^ 

^  5  000  6^ 

Altei'nate  Tension  and  Compression  : 

For  compression  only.     Use  compression  formula. 

For  greater  stress, 

Wrought 
Iron.  Steel. 

1 0  nno  (  1  iiiax.  lesser  stress    \   ^  ^^  ^^^  /  ..         max.  lesser  stress  \ 

\  2  max.  greater  stress  /  \  2  max.  greater  stress/ 

Use  the  one  giving  the  greater  area  of  section. 

Wrought      g,    , 
Iron.  °'^®^^- 

Shearing :   On  webs  of  floor  beams,  stringers  and  plate 

girders 4  000 

Pins  and  rivets 6  000      8  000 

Bearing :  On  diameter  of  pin  holes 12  000     18  000 

On  diameter  of  rivet  holes 12  000     15  000 

Bending  :  Stress  in  extreme  fiber  of  pins 15  000     21  000 

Field  Rivets.- — All  field  rivets  must  be  iron,  and  provision 
will  be  made  for  50  per  cent,  in  excess  of  above 
requirements. 
Timber :   On  extreme  fibers    in    bending ;    tension  and 

compression 1  200 

On  bearing  surfaces 400 

Wind. — Wind  strains  shall  be  calculated  : 

1.  For  a  pressure  of  30  pounds  per  square  foot  on  the  exjjosed  sur^ 
faces  of  both  trusses  and  railings,  and  a  moving  loac^  surface  of  6  square 
feet  per  lineal  foot  of  bridge. 

2.  For  a  wind  pressure  of  50  pounds  per  square  foot  on  the  exposed 
surfaces  of  both  trusses  and  railings,  the  direction  of  wind  giving 
larger  surface  being  assumed  in  the  calculations.  The  greatest  results 
shall  be  taken  in  the  proportioning  of  parts. 

Lateral  Struts. — Lateral  struts  will  be  proportioned  to  resist  the 
resultant  due  to  an  initial  stress  of  10000  pounds  joer  square  inch  upon 
all  rods  attached  to  them,  when  this  is  in  excess  of  wind  stress.  The 
fiber  stress  due  to  weight  of  strut  must  be  considered  and  be  deducted 
from  the  unit  stress  specified. 
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Camber. 

72 

Is 
All  spaBS  shall  have  an  estimated  camber  of  d  =  — r-,  in   which  d  is 

camber  in  inches,  /  equals  length  of  span  in  feet,  s  equals  mean  stress 
jjer  square  inch  on  chords  in  tons  of  2  000  pounds,  Ji  equals  depth  of 
truss  in  feet,  and  c  equals  900  +  8.4  span  for  sj)ans  under  250  feet,  and 
c  equals  3  000  pounds  for  spans  over  250  feet. 

Paint. 

All  iron  or  steel,  before  leaving  the  shop,  shall  be  cleaned  from  all 
loose  scales  and  rust,  and  be  given  one  good  coat  of  pure  linseed  oil. 
All  surfaces  in  contact  with  each  other  shall  receive  one  coat  of  oxide 
of  iron  paint  before  assembling,  and  all  jjlaned  or  turned  surfaces  shall 
be  coated  with  white  lead  or  tallow.  After  erection  all  iron  and  steel 
work  shall  be  thoroughly  and  evenly  painted  with  two  coats  of  paint 
of  such  quality  and  color  as  the  engineer  may  select. 

PliATE  GrRDEES. 

Compressed  Flanges. — The  compressed  flanges  shall  be  stayed  trans- 
versely when  their  length  is  more  than  twenty-five  times  their  width. 

Weh  Splices. — All  joints  in  webs  shall  be  spliced  by  a  plate  on  each 
side  of  web. 

Flange  Area. — No  part  of  the  web  will  be  considered  as  available  in 
flange  area.     The  web  is  assumed  to  sustain  shear  only. 

Stiffeners. — All  web  plates  shall  have  stifleners  at  the  inner  edges  of 
end-bearing  plates  and  at  all  points  of  local  concentrated  loadings. 
Intermediate  stiffeners  will  be  used  if  the  shearing  stress  per  square 

.  10  000    

inch  in  web  exceeds  1       /^\^>  iii   which   d  equals   clear   depth 


1  +  - 


000  \t) 


3 

between  flange  angles  or  clear  distance  between  stiffening  angles,  and 
t  equals  thickness  of  web. 

Detatls  of  Consteuction. 

Unsymmeti'ical  Sections. — Sections  composed  of  two  rolled  or  riveted 
channels  and  one  plate  shall  have  the  center  of  pin,  in  all  cases,  in  the 
center  of  gravity  of  the  section,  and  any  abutting  members  shall  be  so 
proportioned  that  the  centers  of  pins  shall  be  on  the  same  line.     All 
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eccentricity  of  stress  shall  be  avoided.     Provision  must  be  made  in  all 
chord  sections  for  bending  from  its  OAvn  weight. 

Bottom  Laterals. — The  bottom  laterals  will  be  attached  directly  to 
the  bottom  chord  pins  and  not  to  the  floor  beams. 

Top  Lateral  Struts. — The  top  lateral  struts  Avill  have  the  full  depth 
of  the  chord,  and  be  securely  riveted  thereto. 

.Portals. — The  portals  will  consist  of  top  and  bottom  struts  con- 
nected by  cross  bracing.  The  struts  will  be  of  neat  design,  be  pro- 
vided with  ornamental  brackets,  and  be  securely  attached  to  the 
trusses.  The  portal  at  each  end  of  bridge  will  be  provided  with  a 
name  plate  of  approved  design  having  such  appropriate  inscription  as 
may  be  directed. 

Top  Lateral  Bods. — Top  lateral  rods  Avill  be  attached  directly  to  the 
chord  pins  by  wing  plates  or  other  effective  means. 

Rollers. — All  spans  shall  have  at  one  end  nests  of  turned  friction 
rollers  of  wrought  iron  or  steel  bearing  upon  planed  surfaces.  The 
rollers  shall  not  be  less  than  2i  inches  in  diameter,  and  the  pressure 
per  lineal  inch  of  roller  shall  not  exceed  700  ^^  for  wrought  iron  or 
900  v/(/  for  steel,  d  representing  the  diameter  of  roller  in  inches. 

Bed  Plates. — Bed  plates  shall  be  of  sufiicient  thickness  to  transmit 
the  pressure  on  them  uniformly  to  the  rollers  or  masonry,  as  the  case 
may  be.  It  will  be  sufficient  in  determining  this  thickness  to  consider 
the  plate  having  the  load  upon  it  uniformly  distributed  over  its  entire 
bearing  surface,  a  continuous  beam  of  uniform  section  over  the  walls 
of  shoe  as  jjoints  of  support,  sjian  lengths  being  taken  as  distances 
center  to  center  of  walls  and  from  outer  edge  of  plate  to  center  of  outer 
wall. 

Bending  moments  must  be  taken  at  the  center  of  each  span  and  at 
a  section  cut  by  a  plane  normal  to  plate  and  parallel  to  walls  of  shoes 
through  center  of  gravity  of  angles  sujaporting  walls  to  plate.  The 
maximum  bending  moments  must  be  taken.  An  extreme  fiber  strain  of 
18  000  jjounds  is  allowed  for  steel  and  15  000  pounds  .for  iron.  In  no 
case  shall  the  bed  plates  be  less  than  1  inch  thick.  The  bed  plates 
shall  be  so  proioortioned  that  the  pressure  upon  masonry  will  not  ex- 
ceed 300  pounds  per  square  inch. 

Boiler  Plates. — Roller  plates  must  not  be  less  than  seven-eighths 
of  an  inch  thick. 

Bolsters. — There  will  be  wrought  iron  or  steel  bolsters  at  each  end 
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of  bridge,  securely  anchored  to  the  masonry,   projier  provision  being 
made  for  expansion. 
.  End  Braces. — End  braces  will  have  pin  bearings  at  both  ends. 

Long  Tension  Braces. — Long  intersecting  tension  braces  shall  be 
clamped  together  at  intersections  to  avoid  rattling. 

Long  Compression  Members. — In  built  posts  and  struts  of  trusses  the 
angles  shall  be  of  one  length  without  break,  but  the  web  plates  may 
be  spliced  at  intermediate  supports  if  desired. 

Sub-struts  and  Diagonals. — Sub-struts  and  overhead  diagonal  brac- 
ing will  be  provided  at  each  vertical  post  in  through  spans,  when  dejjth 
of  truss  center  to  center  of  i^ins  is  30  feet  or  over. 

Vei'tieal  Suspenders. — All  vertical  suspenders  will  be  designed  to 
resist  compression.  If  eye-bars  they  will  be  stiflfened  by  zigzag  bracing 
or  otherwise  to  avoid  vibration. 

Trestle  Towers. — The  base  of  trestle  bents  shall  be  sufficient  to  avoid 
tension  under  the  highest  wind  specified  and  sufficient  anchorage  shall 
be  provided  to  resist  not  less  than  one-half  the  overturning  moment. 
The  trestle  bents  shall  be  united  in  pairs  to  form  towers  and  each 
tower  thus  formed  shall  be  thoroughly  braced  in  both  directions. 
Cross-section  and  longitudinal  struts  shall  be  provided  at  bottom  and 
at  intermediate  joints;  also  at  top  in  the  absence  of  floor  beam  or  girders 
acting  as  such. 

Raising  Appliances. — At  the  foot  of  all  towers  and  under  bolsters  of 
spans  provision  shall  be  made  either  by  lengthening  the  pins,  or  by 
suitable  lugs,  for  raising  the  structure  to  make  any  necessary  repairs. 
These  lugs  shall  be  designed  to  resist  the  total  weight  of  the  structure 
and  1  200  pounds  per  lineal  foot  of  bridge. 

Elective  Section  of  Members  Built  of  Angles. — Whenever  a  member  is 
comjiosed  of  angles,  both  flanges  of  angles  must  be  connected,  else  only 
one  flange  will  be  considered  as  efifective. 

Generaii  Contjitioxs. 

Punching. — In  launching  rivet  holes  in  iron,  the  diameter  of  the 
punch  shall  not  exceed  the  diameter  of  the  rivet  by  more  than  rsth 
of  an  inch,  and  the  diameter  of  the  die  shall  in  no  case  exceed  the 
diameter  of  the  punch  by  more  than  r^th  of  an  inch. 

Punching  and  Reaming. — All  rivet  holes  in  steel  work  in  the  canti- 
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lever  span  shall  be  reamed.  In  the  other  spans  all  holes  that  are  not 
fair  when  parts  are  assembled  shall  be  reamed  at  the  option  of  the 
inspector.  In  punching  steel  the  play  between  die  and  punch  shall 
not  be  more  than  ro^h  of  an  inch.  In  all  reamed  work  the  size  of 
pimch  shall  be  one-eighth  of  an  inch  less  than  diameter  of  rivet  to  be 
used,  and  hole  shall  be  reamed  to  -iVth  of  an  inch  larger  than  diameter 
of  rivet.  One-sixteenth  of  an  inch  must  be  taken  out  of  all  parts  of  the 
hole  in  reaming.  Sharp  edges  of  reamed  holes  shall  be  so  trimmed 
as  to  make  a  slight  fillet  under  the  heads. 

Effective  Diameter  of  Rivets. — The  eflfective  diameter  of  the  driven 
rivets  in  reamed  holes  ^dll  be  assumed  -rgth  of  an  inch  larger  than  its 
diameter  before  driving,  and  in  making  deductions  for  rivet  holes  in 
tension  braces  the  same  allowance  will  be  made.  In  iron,  this  allow- 
ance must  be  one-eighth  of  an  inch  more  than  the  diameter  of  the 
rivet. 

Pitch  of  Rivets. — The  pitch  of  rivets  shall  not  exceed  8  inches  nor  be 
less  than  three  diameters  of  the  rivet.  At  the  ends  of  compression 
members  the  pitch  shall  not  exceed  four  diameters  of  the  rivet  for  a 
length  equal  to  twice  the  depth  of  the  member.  In  stringers,  where 
the  cross-ties  rest  directly  on  the  flange,  the  pitch  of  rivets  must  be 
the  same  throughout  as  at  the  ends. 

Distance  from  Center  of  Rivet  to  Edge  of  Plate. — The  distance  from 
center  of  rivet  to  edge  of  plate  shall  not  exceed  eight  times  the  thick- 
ness of  plate  nor  be  less  than  one  and  one-half  times  the  diameter  of 
the  rivet. 

Distance  between  Rivets  in  Compression  Members. — The  distance  be- 
tween centers  of  rivets  or  plates  strained  in  compression  shall  not  ex- 
ceed twenty  times  the  thickness  of  plate  in  line  of  stress  nor  forty  times 
the  thickness  of  plate  at  right  angles  to  line  of  stress. 

Length  of  Compression  Members. — No  compression  member  shall  have 
a  length  exceeding  forty -five  times  its  least  width. 

Least  Thickness  of  Plates. — No  plate  or  shape  shall  be  less  than  one- 
fourth  of  an  inch  thick  when  both  faces  are  accessible  for  painting, 
nor  less  than  i^nths  of  an  inch  thick  if  only  one  face  is  accessible. 

Bearing  Plates. — All  pin  holes  shall  be  reinforced,  when  necessary, 
so  as  not  to  exceed  the  allowed  pressure  on  the  pins,  and  the  reinforcing 
plates  must  be  provided  with  a  sufficient  number  of  rivets  to  transfer 
the  pressure  which  comes  upon  them. 


2    xt 
2ix  I 

2ixy 
2^x  A 
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Tie  Plates  and  Splice  Plates. —The  open  sides  of  all  compression 
members  composed  of  two  channels  only,  and  trough-shaped  sections 
composed  of  two  channels  and  one  plate,  shall  be  stayed  by  tie  plates 
at  ends  and  diagonal  lacing  bars  at  intermediate  points.  The  tie  plates 
shall  be  square.  Intermediate  joints  in  the  top  chord  shall  be  provided 
^•ith  tie  plates  at  bottom,  and  side  plates  of  sufficient  length  to  hold 
the  parts  truly  in  position. 

Lacitig.— The  sizes  of  diagonal  lacing  bars  shall  be  as  follows: 
On  the  cantilever  span  4  x  |  inches. 
For  other  spans: 

U  X  1-inch  for  members  having  a  depth  of  6  inches  and  under. 

7  to    8  inches. 
9  to  12       " 
13  to  16       " 
17  to  20       " 
21  inches  and  upward. 
The  distances  between   connections   of   the  lacing  bars  shall  not 
exceed  eight  times  the  least  width  of  the  segments  connected,  and  in 
no  case  shall  exceed  an  angle  of  60  degrees. 

Area  of  Rods.— ^o  lateral  or  diagonal  rod  shall  have  a  less  area  than 
three-quarters  of  a  square  inch. 

Upset  Rods.— The  area  at  root  of  thread  in  the  upset  ends  of  rods 
shall  be  greater  than  the  area  of  the  rod  by  at  least  17  per  cent. 

Weight  of  Member.— 'For  all  horizontal  or  inclined  compression 
members  the  weight  of  members  shall  be  considered,  and  in  fixing 
sections  the  fiber  stress  due  to  weight  of  member  shall  be  deducted 
from  unit  stress  allowed  by  formula.  Tensile  stress  shall  be  avoided 
in  a  transverse  direction  to  the  fiber,  and  shearing  stress  in  a  parallel 
direction  to  the  fiber  of  the  iron. 

Effect  of  Wind.—li  the  strain  from  the  wind  in  the  chords  or  a  pos- 
sible temperature  strain  should  neutralize  or  reverse  the  strain  in  the 
chord  from  the  dead  load,  provision  must  be  made  for  same;  and  if  the 
combined  strains  from  the  dead,  Hve  and  wind  loads  in  the  chords 
exceed  25  000  pounds  per  square  inch,  additional  section  must  be 
added  until  the  above  allowed  unit  strain  is  not  exceeded.  Again, 
pro%dsion  must  be  made  in  all  built  members  for  bending  for  wind. 
If  the  strain  per  square  inch  in  such  members,  due  to  bending  fi.-om 
wind,  combined  with  the  direct  strain  per  square  inch  from  dead,  Hve 
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and  wind  loads,  exceeds  25  000  pounds  per  square  inch,  additional  sec- 
tion must  be  added  until  this  allowed  unit  strain  is  not  exceeded. 

Washers  and  Nut-;. — Washers  and  nuts  shall  have  a  uniform  bearing. 
All  nuts  shall  be  easily  accessible  with  a  wrench  for  the  purpose  of 
adjustment,  and  shall  be  effectively  checked  after  the  final  adjustment. 

Lateral  Adjastmeni  RocU. — All  lateral  and  adjustment  rods  shall  be 
provided  with  open  turn-buckles  so  that  the  length  of  thread  may  be 
verified. 

Wing  Plates. — The  amount  of  metal  immediately  in  front  of  pin 
hole  in  wing  plate  is  to  be  determined  in  the  following  manner :  The 
shearing  area  is  to  be  considered  as  a  section  of  twice  the  thickness 
of  wing  plate  multiplied  by  the  distance  parallel  to  line  of  stress,  from 
edge  of  plate  to  a  point  which  is  the  intersection  of  a  chord,  equal  to 
one-half  the  diameter  of  pin  hole  and  taken  normal  to  the  line  of  stress, 
with  the  cii-cumference  of  pin  hole. 

Details. — Details  shall  be  of  such  nature  that  their  strength  can  be 
accurately  calculated,  which  strength  shall  be  at  least  equal  to  that  of 
the  member  or  members  which  they  are  designed  to  connect. 

WOKKMANSHIP. 

Pins  and  Pilots. — Pins  shall  be  turned  true  to  size  and  straight. 
They  shall  be  turned  down  to  a  smaller  diameter  at  the  ends  and  be 
driven  in  place  with  a  pilot  nut  when  necessary  to  save  the  thread. 
There  shall  be  a  washer  one-half  an  inch  thick  under  each  nut. 

Inspection. — The  inspection  of  work  shall  be  made  as  it  progresses, 
and  at  as  early  a  period  as  the  nature  of  the  work  j^ermits. 

All  workmanship  must  be  first-class.  All  abutting  surfaces  of  com- 
pression members,  except  flanges  of  plate  girders  where  the  joints  are 
fully  spliced,  must  be  planed  or  turned  to  even  bearings  so  that  they 
shall  be  in  such  contact  throughout  as  may  be  obtained  by  such  means. 
All  finished  surfaces  must  be  protected  by  white  lead  and  tallow.  The 
rivet  holes  for  splice  plates  of  abutting  members  shall  be  so  accurately 
spaced,  that  when  the  members  are  brought  into*  position  the  hole 
shall  be  truly  ojiposite  before  the  rivets  are  driven.  The  chord  pieces 
must  be  fitted  together  in  the  shops  in  lengths  of  at  least  four  pieces 
and  rivet  holes  in  splice  plates  reamed  while  in  position.  Wherever  it 
is  imjaossible  to  ream  together  the  parts  which  \n.\\  come  together  in 
the  field,  the  holes  in  both  shall  be  reamed  to  an  iron  template. 
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When  members  are  connected  by  bolts  which  transmit  shearing 
strains,  the  holes  must  be  reamed  parallel,  and  the  bolts  turned  to  a 
driving  fit. 

Rollers  must  be  finished  perfectly  round,  and  roller  beds  jjlaned. 

Rivets. — Eivets  must  completely  fill  the  holes,  have  full  heads  con- 
centric with  the  rivet,  of  a  height  not  less  than  .6  diameter  of  the 
rivet,  and  in  full  contact  with  the  surface,  or  be  counter  sunk  when  so 
required,  and  machine  driven  when  practicable.  Eivets  must  not  be 
used  in  direct  tension. 

Built  members  must,  when  finished,  be  true  and  free  from  twists, 
kinks,  buckles  or  open  joints  between  the  comj^onent  pieces. 

Eye-Bars  and  Pin  Holes. — All  pin  holes  must  be  accurately  bored  at 
right  angles  to  the  axis  of  the  members,  and  in  pieces  not  adjustable 
for  length.  No  variation  of  more  than  -a-rd  of  an  inch  will  be  allowed 
in  the  length  between  centers  of  pin  holes;  the  diameter  of  the  pin 
holes  shall  not  exceed  that  of  the  pins  by  more  than  ^^rfd  of  an  inch, 
nor  by  more  than  aV^h  of  an  inch  for  pins  under  3^  inches  diameter. 
Eye-bars  must  be  straight  before  boring;  the  holes  must  be  in  the 
center  of  the  heads  and  on  center  line  of  the  bars.  All  links  belonging 
to  the  same  panel,  when  placed  in  a  pile,  must  allow  the  pins  at  each 
end  to  pass  through  at  the  same  time  without  forcing.  No  welds  will 
be  allowed  in  the  body  of  the  eye-bars,  laterals  or  counters,  except  to 
form  loops  of  laterals,  counters  and  sway  rods;  eyes  of  laterals,  sway 
rods  and  counters  must  be  bored. 

The  heads  of  eye-bars  shall  be  so  proportioned  and  made  that  the 
bars  will  preferably  break  in  the  body  of  the  bar  rather  than  in  any 
part'of  the  head  or  neck.  The  form  of  the  head  and  the  mode  of 
manufacture  shall  be  subject  to  the  approval  of  the  engineer.  A  varia- 
tion from  the  specified  dimensions  of  the  heads  of  eye-bars  mil  be 
allowed  in  thickness  of  ^Vd  of  an  inch  and  in  diameter  of  a  quarter  of  an 
inch  in  either  direction. 

Thimbles  or  washers  must  be  used  wherever  required  to  fill  vacant 
spaces  on  pins  or  bolts. 

Punching  and  Reaming. — Eivet  holes  must  be  accurately  spaced; 
the  use  of  drift  pins  will  be  allowed  only  for  bringing  together  the 
several  j)arts  forming  a  member,  and  they  must  not  be  driven  with 
such  force  as  to  distort  the  metal  about  the  holes;  if  the  hole  must  be 
enlarged  to  admit  the  rivet,  it  must  be  reamed. 


I 
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Steel  Plates. — All  steel  plates  must  be  straightened  in  the  straighten- 
ing machine  and  not  by  hammering. 

Annealing. — In  all  cases  where  a  steel  piece  in  which  the  full 
strength  is  required  has  been  partially  heated,  the  whole  piece  must 
be  subsequently  annealed.  All  bends  in  steel  must  be  made  cold,  or  if 
the  degree  of  curvature  is  so  great  as  to  require  heating,  the  whole 
piece  must  be  subsequently  annealed. 

Intei'pretation  of  Draioings  and  Specifications. — The  decision  of  the 
engineer  shall  control  as  to  the  interpretation  of  the  drawings  and 
specifications  during  the  execution  of  the  work  thereunder. 

DiSTKIBUTION    OF    MaTEKIAL. 

All  spans  of  the  superstructiire  Avith  the  exception  of  the  108-foot 
span,  the  viaduct  trestle  legs  and  floor  system  in  all  sjians  shall  be  of 
steel  (Class  A).     All  rivets  in  steel  work  shall  be  of  steel  (Class  B). 

QtTAXITY    OF   MaTEKIAI.. 

Wrought  Iron. — All  -wTOught  iron  mvist  be  tough,  ductile,  fibrous 
and  of  uniform  quality  for  each  class,  straight,  smooth,  free  from  cinder 
pockets  or  injurious  flaws,  buckles,  blisters  or  cracks. 

The  tensile  strength,  limit  of  elasticity  and  ductility  shall  be  deter- 
mined from  a  standard  test  piece  not  less  than  one-fourth  of  an  inch  thick, 
cut  from  the  full-sized  bar,  and  planed  or  turned  parallel.  The  area  of 
cross-section  shall  not  be  less  than  one-half  square  inch.  The  elonga- 
tion shall  be  measured  after  breaking  on  an  original  length  of  8  inches. 

All  iron  shall  have  a  limit  of  elasticity  of  not  less  than  26  000 
pounds  per  square  inch. 

All  iron  used  in  tension  shall  have  an  ultimate  strength  of  not  less 
than  50  000  pounds  per  square  inch,  and  elongate  not  less  than  18  per 
cent. 

Angles  and  other  shapes,  and  plates  24  inches^  wide  and  under, 
shall  have  an  ultimate  strength  of  not  less  than  50  000  pounds  per 
square  inch  and  elongate  not  less  than  15  per  cent. 

Plates  over  24  inches  wide  shall  have  an  ultimate  strength  of  not 
less  than  46  000  pounds  per  square  inch  and  elongate  not  less  than  12 
per  cent. 

When  full-size  tension  members  are  tested  to   prove  the  strength 
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of  theii-  connections,  a  reduction  in  their  nltimate  strength  of  (500  x 
■vridth  of  bar)  i:)Ounds  per  square  inch  "will  be  allowed. 

All  iron  shall  bend  cold  180  degi-ees  around  a  curve  whose  diameter 
is  twice  the  thickness  of  pieces  for  bar-iron  and  three  times  the  thick- 
ness of  i^ieces  for  plates  and  shapes  without  fracture. 

Iron  which  is  to  be  worked  hot  in  the  manufactui'e  must  be  capa- 
ble of  bending  sharply  to  a  right  angle  at  a  working  heat  without  sign 
of  fracture. 

All  rivat  iron  must  be  tough  and  soft,  and  capable  of  bending  cold 
until  the  sides  are  in  close  contact  without  sign  of  fracture  on  the 
convex  side  of  the  curve. 

Steel. — Steel  may  be  made  either  by  the  Bessemer  or  by  the  open- 
hearth  process.  All  blooms,  billets  or  slabs  will  be  examined  for  sur- 
face defects,  flaws  and  blow  holes  before  rolling  into  finished  sections, 
and  such  chipj^ings  and  alterations  must  be  made  as  will  secure  per- 
fect solidity  in  the  rolled  sections. 

The  slabs  for  plates  must,  in  all  cases,  be  as  nearly  rectangular  as 
possible  and  straight  their  whole  length. 

The  steel  must  be  uniform  in  quality  for  each  class,  and  after  heat- 
mg  to  light  cherry  red  (as  seen  in  the  dark)  and  quenching  in  cold 
water,  shall  comply  with  the  bending  requirements  provided  in  this 
specification  for  such  class  of  steel. 

In  order  to  grade  the  steel  used  in  this  work  at  the  steel  mills,  the 
following  form  of  selecting  the  test  pieces  shall  be  rigidly  enforced. 
From  every  cast  of  metal  there  shall  be  made  one  test.  If  this  test  is 
satisfactory  the  whole  cast  may  be  accepted,  subject  to  tests  made  on 
rolled  sections.  This  test  must  be  made  fi'om  a  three-quarter-inch 
round  rolled  from  a  i-inch  square  billet,  which  has  been  reduced  from 
original  ingot;  this  billet  to  be  taken  during  the  blooming  down  of  in- 
got, and  reduced  in  such  way  that  the  reduction  of  section  into  three- 
quarters  of  an  inch  round  will  be  as  nearly  as  possible  equivalent  to  re- 
duction of  section  on  finished  material  when  rolled  from  original  ingot. 
The  manner  and  time  of  selecting  this  billet  ^\-ill  be  left  to  the  con- 
venience of  the  manufacturer. 

In  addition  to  this  tension  test  a  bending  test  will  be  required.  The 
pieces  used  in  this  test  may  be  either  three-quariers  of  an  inch  round  or 
three-quarters  of  an  inch  square,  preferably  the  latter.     This  j)iece  must 

I  bend  cold  180  degi-ees  about  its  own  diameter  for  steel  of  Class  A,  and 
i 
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180  degrees  and  close  down  flat  upon  itself  for  steel  of  Class  B.  The 
tests  on  three-quarter-inch  round  specimens,  above  mentioned,  must 
satisfy  the  following  requirements : 

Glass  A. — Ultimate  strength,  62  000  to  70  000  pounds  per  square  inch. 
Elastic  limit  not  less  than  36  000  pounds  per  square  inch.  Elongation 
not  less  than  22  per  cent,  in  8  inches.  Reduction  at  jaoint  of  fracture 
not  less  than  40  per  cent. 

Class  i?.— Ultimate  strength,  56  000  to  60  000.  Elastic  limit  not  less 
than  30  000.  Elongation,  25  per  cent,  in  8  inches.  Reduction  at  point 
of  fracture,  50  per  cent.  Phosphorus  in  all  steel  Class  A  and  Class  B 
to  be  not  over  .085  of  1  per  cent. 

Tests  at  Rolling  Mills. — The  finished  bars  must  be  free  from  injurious 
flaws  or  cracks,  and  must  have  a  smooth,  clean  finish. 

At  least  one  test  will  be  required  from  every  heat  or  furnace  full  of 
billets,  slabs  or  blooms  to  prove  condition  of  metal  after  rolling  it  into 
finished  sections.  This  test  piece  must  be  cut  from  some  rolled  section 
of  said  heat  and  shall  be  generally  one-half  of  a  square  inch  in  area  and 
must  conform  to  requirements  as  specified  for  three-quarter  round  at 
steel  mills  in  every  respect,  except  that  ultimate  strenght  may  vary  2 
per  cent,  below  minimum,  and  5  per  cent,  above  maximum. 

The  original  number  of  heat  or  cast  at  steel  mills  must  be  stamped 
on  all  billets,  blooms  or  slabs,  and  when  rolled  into  finished  sections 
this  same  number  must  be  stamped  on  every  piece  rolled. 

Number  of  Tests  on  Full-sized  Eye-bars. — The  method  of  making  full- 
sized  tests  on  eye-bars  will  bs  as  follows:  One  full-sized  test  will  be 
required  in  each  size  of  bar,  and  if  the  number  of  bars  of  any  size  ex- 
ceeds twenty,  then  one  additional  test  will  be  required  for  each  multiple 
of  twenty  or  part  thereof  exceeding  ten.  The  extra  bars  required  for 
test  must  be  ordered  at  the  steel  mills  with  the  original  order.  When 
the  Bridge  Company  have  finished  an  item  of  bars  as  represented  on 
the  shop  bill,  the  inspector  shall  then  select  from  this  lot  of  bars  the 
bars  for  test,  and  if  these  tests  are  satisfactory  the  whole  item  may  then 
be  accepted.  Should  this  first  test  fail  to  stand  the  requirements  of  this 
specification,  and  if  in  this  test  no  blame  attaches  to  the  Bridge  Com- 
pany on  account  of  poor  work,  the  latter  can  demand  to  have  two  other 
tests  made  on  this  same  item  of  bars,  and  should  those  two  tests  be 
satisfactory,  the  whole  item  may  be  accepted,  and  so  on  with  other 
items  until  the  whole  order  of  bars  is  completed. 
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Heads  of  Eye-bars. — The  manufacturers  must  pro\4de  sufficient 
excess  of  material  in  the  heads  of  eve-bars  to  insure  their  breaking  in 
the  body  rather  than  in  the  head,  but  any  bar  which  breaks  in  the 
head  at  a  stress  higher  than  called  for  will  be  accepted;  provided,  only, 
that  the  elastic  limit  is  up  to  specified  requirements.  The  minimum 
ultimate  strength  of  full-sized  bars  when  tested  to  destruction  -w-ill  be 
60  000  pounds  per  square  inch.  The  minimum  elastic  limit  shall  be 
34  000  ijounds  per  square  inch. 

Castings. — All  castings  shall  be  of  tough  gray  iron,  free  from  inju- 
rious cold  shuts  or  blow  holes,  true  to  pattern  and  of  workmanlike 
finish.  Sample  pieces  1  inch  square,  cast  from  the  same  heat  of  metal 
in  sand  moulds,  shall  be  capable  of  sustaining  on  a  clear  span  of  4  feet 
6  inches  a  central  load  of  500  pounds  when  tested  in  the  rough  bar. 

Generaij  Kequekements. 

Any  full-sized  tension  member  of  iron  or  steel  tested  to  destruction 
shall  be  paid  for  at  cost,  less  its  scrap  value  to  the  contractor,  if  it 
proves  satisfactory.  If  it  does  not  stand  the  specified  test,  it  will  be 
considered  rejected  material  and  be  solely  at  the  cost  of  the  contractor. 
The  contractor  shall  furnish  testing  machine  of  the  i^roper  caj^acity, 
and  shall  prepare  and  test,  without  charge,  such  specimens  of  iron  as 
may  be  required  by  the  engineer  or  inspector  to  prove  that  it  comes 
ui^  to  the  requirements  mentioned;  he  shall  also  furnish,  prepare  and 
test,  without  charge,  such  specimens  of  the  several  grades  of  steel,  at 
steel  mills  and  rolling  mills,  as  may  be  required  by  the  inspectors. 
Every  facility  for  inspection  of  material  and  workmanship  shall  be  fur- 
nished by  the  contractor,  and  the  engineer  or  inspector  shall  be  allowed 
full  access  to  all  parts  of  the  establishment  in  which  any  portion  of  the 
materials  are  made  or  workmanship  executed.  Timely  notice  will  be 
given  to  the  engineer  by  the  contractors  when  they  are  ready  for  the 
inspectors,  and  the  inspectors  will  test  and  insi^ect  the  material  at  the 
mills  as  rapidly  as  it  is  made.  All  material  must  be  inspected,  weighed 
and  stamped  by  the  inspector  before  shipment.  The  acceptance  of 
any  material  or  manufactured  member  by  the  inspector  shall  not  pre- 
vent its  subsequent  rejection  if  found  defective  after  delivery,  and  such 
materials  or  members  shall  be  replaced  by  the  contractor  without  extra 
charge. 

Engineer. — Wherever  the  term  engineer  is  used  throughout  these 
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specifications,  it  is  distinctly  nnderstood  that  such  term  shall  mean  the 
chief  engineers  or  their  authorized  assistants. 

Timber. — All  timber  must  l)e  of  the  best  quality  of  white  oak, 
sawed  true  to  size  and  out  of  wind.  It  must  be  free  from  sap,  except 
in  sticks  having  a  depth  of  16  inches  or  upward,  when  1  inch  of  sap 
■will  be  allowed  on  two  corners.  It  must  be  free  from  wind  shakes, 
loose  or  rotten  knots  or  other  defects  that  will  impair  its  strength  or 
durability. 

Erection. — An  available  portion  of  the  river  shall  at  all  times  be  left 
open  to  navigation,  and  proper  lights  shall  be  displayed  at  night  in 
accordance  with  the  regulations  and  requirements  of  the  United  States 
Government.  The  contractor  will  furnish  all  staging,  piling,  cribbing, 
and  material  of  every  description  required  in  the  erection  of  the  super- 
structure, and  remove  the  same  after  erection  is  completed,  leaving 
the  river  as  free  from  obstructions  as  when  he  commenced.  The  con- 
tractor shall  assume  all  risks  from  floods  and  storms,  damage  to  j^er- 
sons  and  properties  and  casualties  of  every  description  until  the  final 
acceptance  of  the  completed  structure. 

The  erection  is  to  be  carried  on  subject  to  the  approval  and  inspec- 
tion of  the  engineer,  and  is  to  be  completed,  ready  for  use,  to  his  satis- 
faction. 


-A^iFIE^EDSriDZIX:    III- 

CENTKAL   KAILWAY   AND    BEIDGE    COMPANY'S   SPECIFICA- 
TIONS FOR  A  CAISSON  FOR  PIER  No.  5. 

The  caisson  to  be  used  in  building  the  foundation  for  Pier  No.  5 
shall  be  22  x  58  feet  at  top,  12  feet  high  over  all,  and  have  a  batter  of 
one-half  inch  per  foot  from  a  point  1  foot  below  the  top  to  the  cutting 
edge,  thus  making  the  bottom  22  feet  11  inches  by  58  feet  11  inches. 

All  timber  used  in  its  construction  must  be  of  a  good  quality  of 
sound  white  or  poplar,  free  from  rotten  knots,  shake's  or  other  defects, 
and  shall  be  of  such  dimensions  as  shown  on  the  i)lans  attached  hereto 
and  forming  a  part  of  these  specifications.  Courses  Nos.  1,  2, 10,  11  and 
12  must  be  of  oak,  and  as  much  more  of  the  entire  timber  as  can  be 
secured  of  oak,  the  intention  being  to  use  no  other  timber  except  as  an 
enforced  expedient  to  secure  the  speedy  execution  of  the  work.     All 
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framing  must  be  accurately  done  so  as  to  secure  close  joints  through- 
out the  work. 

All  the  iron  used  in  spikes,  bolts,  drift  bolts  and  straps  must  be  of 
a  ductile,  fibrous  wrought  iron,  having  a  tensile  strength  of  50  000 
pounds  per  square  inch  of  section.  Drift  bolts  must  be  driven  into 
holes  bored  their  full  length,  and  of  diameter  i^;th  of  an  inch  less 
than  the  iron. 

All  seams  between  the  timbers  in  the  walls  and  ceiling  of  the  air 
chamber,  and  in  the  outside  walls,  must  be  thoroughly  caulked  -wath 
oakum,  and  driven  in  with  a  heavy  hammer.  After  the  3-inch  sheath- 
ing is  laid  and  thorougly  spiked,  the  seams  between  the  boards  must 
also  be  thoroughly  caulked  with  oakum,  and  wherever  spike  or  bolt 
heads  are  to  be  exposed  to  the  air  pressure  of  the  working  chamber, 
they  must  be  wrapped  with  oakum  before  being  drawn  up  tight  or 
driven  home. 

In  order  to  decrease  the  leakage,  and  to  secure  more  uniform  bear- 
ing for  the  timbers,  all  the  vertical  seams  in  courses  Nos.  9,  10,  11  and 
12  must  be  poured  fvill  of  a  thin  cement  grout,  mixed  neat.  After  this 
is  done,  all  the  seams  in  course  No.  12  must,  in  addition,  be  caulked 
Tvdth  oakum. 

Air  lock  and  excavating  shafts  will  be  located  as  shown  on  the 
plans,  and  all  seams  in  them  must  be  thoroughly  caulked.  Provision 
must  bo  made  for  carrying  these  shafts  up  through  the  masonry  as  fast 
as  laid,  either  by  cylinders  of  boiler  iron  or  by  matched  oak  boards 
capable  of  being  made  water-tight.  Some  approved  form  of  iron  air 
lock  must  be  provided,  and  also  excavating  apjjaratus  equal  in  efficiency 
to  the  "  O'Conner  bucket"  for  removing  solid  materials  which  may  be 
encountered  during  the  sinking. 

On  the  sides  and  ends  of  the  caisson  heavy  iron  rings  must  be 
secured  for  use  in  susj^ending  it  during  the  preliminary  stages  of  sink- 
ing, and  for  attaching  lines  to  hold  it  in  position  against  a  swift  cur- 
rent. 

After  reaching  a  depth  satisfactory  to  the  engineers,  the  air  chamber 
and  shafts  must  be  filled  with  concrete  made  of  one  part  by  volume  of 
cement,*  two  parts  of  sand,  four  parts  of  limestone,  rock  broken  so  as 
to  pass  through  a  ring  2^  inches  in  diameter,  and  sufficient  water  to 
bring  the  mortar  to  proper  consistency,  the  whole  to  be  thoroughly 
rammed  before  the  setting  of  the  cement. 
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The  triangular  space  between  the  air  chamber  and  outside  walls 
must  also  be  filled  with  concrete,  mixed  in  the  projjortions  above 
stated,  and  as  the  superimposed  course  of  timber  is  being  laid,  care 
must  be  taken  that  each  stick  is  well  bedded  in  a  freshly  mixed  mortar 
spread  on  top  of  the  concrete. 
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WIND  BRACING  IN  HIGH  BUILDINGS. 


By  Henby  H.  Qtjimby,  M.  Am.  Soc.  C.  E. 
Read  June  1st,  1892. 


WITH  DISCUSSION. 


The  use  of  iron  and  steel  in  the  construction  of  fireproof  buildings 
has  developed  a  new  type  of  structure,  which  calls  for  the  ajspli- 
cation  of  the  princi]jles  that  govern  the  designs  of  bridges,  etc. 
Technical  and  other  journals,  by  devoting  much  space  to  descrip- 
tions of  the  steel  skeleton  type  of  building,  have  recognized  the 
importance  of  the  subject  and  some  have  jiublished  good  rules  for 
the  guidance  of  designers.  Many  buildings  are  now  in  course  of  erec- 
tion in  different  cities  which  are  examples  of  this  method  of  construc- 
tion, and  these  afford  an  opportunity  to  compare  the  designs  and  to  see 
how  widely  the  practice  of  architects  varies.  One  who  does  compare 
them  is  forced  to  the  conclusion  that  the  ideas  of  the  designers  differ 
not  merely  in  regard  to  details,  but,  apparently,  either  in  apprehension 
of  the  amount  and  operation  of  the  forces  to  be  resisted,  or  in  their 
faith  in  different  materials. 

The  principles  that  should  be  observed  in  designing  metal  struct- 
ures are  so  generally  well  understood,  and  there  is  such  a  substantial 
agreement  among  engineers  as  to  their  application,  that  we  may  reason- 
ably expect  to  find  every  im^jortant  iron  or  steel  frame  building  de- 
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signed  in  accordance  with  them.  The  greatest  bone  of  contention  in 
this  skeleton  has  long  been  the  use  of  cast  iron,  which  has  been  in 
large  measure  abandoned  as  material  for  bridges,  but  which  is  still 
extensively,  though  decreasingly,  used  for  columns  in  fireproof  build- 
ings. There  is  occasion  for  an  equally  vigorous  discussion  of  the 
relative  merits  of  hollow  tile  walls  and  iron  or  steel  rods  as  vertical 
bracing  in  lofty  structures. 

The  sole  dependence  of  some  architects  for  lateral  stability  in  their 
buildings  is  on  the  ordinary  partitions,  weakened  for  such  a  j)urpose 
as  most  of  them  are,  by  doorways  through  them,  Avhile  others  intro- 
duce stout  iron  rods  or  braces. 

There  will  be  little  question  of  the  sufficiency  of  brick  partitions  if 
there  be  many  of  them,  when  the  width  of  a  building  is  a  large  pro- 
portion of,  or  is  equal  to,  the  exposed  height,  and  the  foundations  are 
firm  and  unyielding  or  not  subject  to  disturbance;  but  a  building  of 
great  height  even  with  a  good  breadth,  if  on  yielding  bottom,  should 
be  efficiently  braced  with  elastic  metal. 

In  the  type  of  building  mentioned,  the  columns  carry,  not  only  the 
floors  and  partitions,  but  the  exterior  walls,  which  a  writer  on  the  sub- 
ject recently  called  "  mere  curtains  to  shield  the  interior."  This  idea 
of  their  utility  is  measurably  correct  if  the  metal  structure  is  provided 
with  efficient  vertical  bracing,  but  if,  as  in  some  cases,  the  bracing  is 
omitted  or  inadequate,  masonry  of  some  sort  must  be  depended  upon 
for  lateral  stability.  As  each  story  of  the  walls  is  supported  on  the 
girders  of  its  own  floor  and  carries  no  load  from  above,  the  walls  are 
indeiiendent  of  the  height  of  the  building  and  may  be  only  13  inches 
thick  throughout. 

An  office  building  recently  erected  has  seventeen  stories  above  the 
pavement,  giving  it  a  height  of  200  feet,  and  is  only  60  feet  wide. 
The  party  walls,  which  are  abundantly  able  to  stiffen  the  building  in 
the  direction  of  its  length  (180  feet),  are  18  inches  thick,  presumably 
because  of  municii^al  requirements  intended  to  prevent  the  spread  of 
fire  and  contemplating  the  support  of  joists.  The  rear  wall  and  the 
walls  of  a  25  X  80-foot  recess,  or  court,  at  one  side  are  13  inches  thick, 
but  are  little  more  than  window  frames  because  of  the  needed  provision 
for  light.  The  front  from  the  third  to  the  fifteenth  floors  is  also  brick 
and  has  two  bay  windows,  the  walls  of  which  are  13  inches  thick,  but 
being  bowed  and  of  trifling  width  between  the  windows,  they  would 
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oflfer  very  little  resistance  to  a  lateral  force.  The  lower  two  and  upper 
three  stories  of  the  front  are  of  stone  and  terra  cotta  respectively.  The 
vertical  bracing  consists  solely  of  the  interior  partitions,  which  are  8 
inches  thick,  built  of  hollow  boxing  tile  with  four  webs  each  i%ths 
inches  thick,  giving  a  total  net  thickness  of  2\  inches.  At  iowr 
points  40  feet  aj^art  these  walls,  in  a  space  17  feet  wide,  are  continuous 
and  without  doors  or  other  openings  from  the  third  floor  to  the  roof, 
being  apparently  the  main  reliance  for  lateral  stability,  most,  if  not  all, 
the  other  partitions  being  greatly  weakened  by  passages  and  windows. 

The  building  towers  above  all  its  neighbors  (the  tallest  in  the 
vicinity  being  about  sis  stories  high  and  one  immediately  adjoining 
only  five  stories),  a  fact  of  moment  in  estimating  the  force  of  the 
wind.  In  the  same  city,  a  few  blocks  away,  is  a  building  partially 
completed,  designed  to  have  the  same  number  of  stories  as  the  one  first 
mentioned,  but  with  a  Tvddth  of  about  150  feet.  It  has  i^rovision  for 
vertical  bracing  in  the  shape  of  double  6-inch  eye-bars  and  15-inch 
heavy  channel  struts,  contrasting  very  sharply  with  the  other. 

In  both  buildings  the  columns  of  each 
tier  abut  against  those  of  the  lower  tier, 
with  an  intervening  plate  which  forms  a 
seat  for  the  floor  girders.  The  tiers  are 
bracketed  together  with  angle  iron  or  ' — " 
bent  j)late  lugs,  a  detail  that  is  sufficient 
to  prevent  lateral  displacement,  but,  be-  *^^^ 
cause  of  the  elasticity  of  the  bracket  in 
bending,  and  the  large  ratio  of  height  to 
base  of  column,  contributes  very  little  to 
the  rigidity  of  the  structure.  This  will  be  tr,n 
seen  by  computing  the  stiffness  of  the 
brackets,  and  by  considering  that  the  workmanshij)  is  never  so  perfect 
that  a  number  of  columns  could  be  piled  up  end  to  end,  without  fasten- 
ing, like  children's  blocks,  which  fact  indicates  that  as  the  columns  are 
always  necessarily  plumbed — temporary  adjustable  braces  being  used  if 
there  are  no  permanent  ones — the  faces  are  not  all  in  perfect  bearing, 
more  especially  as  the  plates  between  them  are  not  planed  and  are  con- 
sequently somewhat  uneven,  a  condition  which  presumes  some  initial 
bending  in  the  brackets  and  consequent  slight  initial  lateral  strain  on 
the  bracing. 
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The  action  of  the  wind  against  the  side  of  a  building  produces  the 
effects  of  overturning  and  shear,  both  greatest  at  the  highest  point  of 
external  resistance,  which  is  the  roof  of  an  adjoining  building,  if  there 
be  any,  or  otherwise  the  surface  of  the  ground.      The  overturning  or 
the  lift  on  the  windward  side  is  likely  always  to  be  less   than  the 
resistance  of  dead  weight,  but  the  shear  is  liable  to  be  overlooked  and 
is  probably  the  immediate  cause  of  the  collapse  of  most  of  the  build- 
ings destroyed  by  wind.     In  the  type  of  structure  under  consideration, 
the  shearing  action  tends  to  topple  the  columns  and  crush  the  parti- 
tions or  rupture  the  bracing,  all  in  one  story,  as  indicated  by  dotted 
lines  in  Fig.  2,  which  represents  a  front  elevation  of  the  narrow  office 
building  referred  to.      The  column  fastenings  described  are  not  stiff 
enough  to   prevent  a   slight  movement   of  the  tops  of  the   columns, 
which  can  be  firmly  held  by  the  bracing  alone.      If  this  bracing  is 
mortared  work  its  cohesiveness 
is  liable  to  be    gradually    de- 
stroyed by  severe  vibrations  or 
many     successive     impacts     of 
j)ressure  ;  and  if  once  its  hold  is 
loosened,  its  deterioration  will 

be  rapid. 

The  wisdom  of  depending 
on  these  tile  partitions  in  ex- 
posed buildings  is  doubtful. 
The  crushing  strength  of  the 
material  as  tested  in  small 
■pieces  or  single  bricks,  while 
varying  according  to  the  com- 
position of  the  clay  or  process 
of  manufacture,  in  no  reported 
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case  much  exceeds  7000  pounds  per  square  inch  of  net  section.  In- 
quiry of  manufacturers  has  failed  to  elicit  any 'information  as  to 
the  strength  of  a  complete  wall,  and  as  these  tiles  are  easily  broken 
in  handling  and  laying,  they  are  far  more  liable  to  serious  and  destruc- 
tive flaws  than  iron  or  steel,  and,  consequently,  any  "  factor  of  safety  " 
adopted  for  their  use  may,  with  more  reason  than  in  the  case  of  struc- 
tural iron,  be  called  a  "factor  of  ignorance." 

What  intensity  of  wind  pressure  it  is  proper  to  assume  in  designing 
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a  large  and  high  stmcttire,  is  an  important  question.  The  forces 
which  we  have  to  deal  with  here  are  not,  as  in  other  departments, 
limited  and  kno-wn,  and  the  practice  must  be,  to  some  extent,  empirical. 
The  experiments  of  the  Forth  Bridge  engineers,  and  also  those  made 
by  bitilders  of  wind  engines,  show  conclusively  that  the  jiressure  per 
unit  of  siirface  is  less  over  a  large  area  than  over  a  small  one,  and  prob- 
ably the  ascei*tained  proportion  of  decrease  will  fairly  apply  to  the 
large  surface  exposed  by  a  great  building.  But  the  many  instances  of 
extensive  and  not  lofty  brick  and  stone  buildings  blown  down  are 
warnings  against  a  too  liberal  allowance  here,  for  a  downward  current 
of  air  will  be  deflected  by  surrounding  low  roofs  or  ground  and  accu- 
mulate intensity.  The  writer  remembers  a  case  of  the  demolition  of  a 
window  by  wind  near  the  ground,  which  occurred  at  a  moment  that  he 
haj^pened  to  be  looking  at  the  particular  spot.  The  locality  was  such 
that  the  force  of  the  wind  might  become,  and  doubtless  was,  concen- 
trated. 

We  do  know  that  the  wind  sometimes  develops  an  energy  which 
must  be  far  beyond  what  has  ever  been  measured,  and  the  efforts  of 
investigators  by  means  of  artificial  and  confined  currents  of  air,  have 
failed  to  obtain  velocities  and  attendant  pressure  sufficient  to  account 
for  some  of  the  feats  of  the  natural  article.  While  we  cannot  know, 
nor  be  expected  to  build  against  its  utmost  power,  the  experience  we 
have  ought  to  induce  us  to  estimate  high  velocities  of  wind  and  use  low 
intensities  of  strain  in  materials.  From  30  to  50  pounds  per  square 
foot  will  blow  in  ordinary  windows.  Violent  storms  not  sufficiently 
destructive  to  be  dignified  with  the  title  of  tornado  have  registered 
pressures  as  high  as  50  pounds.  They  are  rare  but  possible  every- 
where, and  would  probably  give,  over  a  large  surface,  at  least  40  jDOunds 
per  sqi;are  foot. 

In  view  of  the  constant  liability  of  any  locality  to  the  occurrence  of 
wind  storms  of  destructive  violence  and  unknown  force,  every  tall 
building  should  be  assumed  to  be  subject  to  a  wind  jsressure  of  40 
pounds  per  square  foot  of  exterior  wall  surface,  and  be  braced  to  resist 
this  with  iron  or  steel  rods  or  stiif  braces  strained  not  over  one-third 
their  ultimate  strength. 

The  stability  of  the  individiial  columns  in  a  framed  structure  is  an 
element  of  resistance  of  considerable  value  if  the  connections  are  rigid. 

I  Even  with  the  connections  described  above,  miich  ultimate  resistance 
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can  be  counted  on  from  the  bracketed  fastenings  and  dead  load,  the 
ratio  of  base  to  height  of  each  column  being  commonly  about  12 ;  but 
because  of  imperfect  workmanship  referred  to  above,  they  may  at  first 
act  with,  instead  of  against,  the  destroying  force,  and  their  resistance 
be  developed  only  after  that  of  the  i^artitions  is  overcome  or  impaired. 
Wherever  adequate  rod  bracing  is  not  employed,  the  columns  should 
be  joined  together  by  complete  splices,  making  each  column  a  unit 
throughout  the  whole  height  of  the  building,  and  then  failure  could 
only  follow  the  bending  or  breaking  of  the  body  of  it  at  two  points. 

The  foregoing  observations  have  been  confined  to  the  effect  of  wind, 
but  any  force  operating  to  produce  violent  or  frequent  shocks  and  con- 
sequent vibrations  of  buildings  or  foundations,  should  be  carefully 
regarded  and  as  far  as  practicable  provided  against. 

Close  proximity  to  the  track  of  a  steam  road,  elevated  or  surface, 
but  more  particularly  the  elevated  because  of  the  concentration  of 
span  loads,  may  subject  a  building  to  destructive  vibration,  and  the 
pulsations  of  engines  or  machinery,  dynamos  or  elevators,  are  even 
more  likely  to  be  a  serious  menace  because  of  closer  contact  and  more 
violent  shocks.  The  introduction  of  isolated  electric  lighting  plants 
and  elevator  machinery  makes  the  subject  worthy  of  thorough  study, 
and  the  i^ossibility  of  future  construction  of  elevated  railway  lines 
through  cities,  is  a  legitimate  consideration  in  designing  towering 
structures,  particularly  in  places  where  foundations  are  laid  in  yield- 
ing soil  like  that  of  Chicago,  where  settlement  must  be  looked  for  and 
where  it  is  probably  hastened  by  vibration  impacts.  In  such  locali- 
ties dei^endence  on  hollow  tiles  for  lateral  stiffness  may  be  perilous, 
because  light  masonry  readily  succumbs  to  repeated  shocks,  and  any 
unequal  settlement  is  certain  to  injure  such  walls  to  some  appreciable 
extent  and  probably  enough  to  impair  their  efficiency  in  the  direction 
of  rigidity.  A  certain  high  building  on  such  soil  was  found  before 
completion  to  have  settled  unequally  several  inches,  and  consequently 
was  seriously  out  of  j)lumb.  Fortunately  it  was  braced  with  adjust- 
able rods  which  were  used  to  draw  it  back  into  a  vertical  position,  and 
because  of  these  rods  no  alarm  is  felt  for  it.  The  unequal  subsidence 
was  attributed  to  an  injudicious  proportioning  of  the  foundation  areas 
under  the  different  columns  which  sustain  varying  ratios  of  live  to 
dead  load.  The  necessity  for  the  exercise  of  judgment  in  determining 
such  proportions  is  an  intimation  of  empiricism  in  the  business  of 


QUIMBY   ON   WIND   BKACING.  227 

designing,  and  is  an  additional  argument  for  avoiding  uncertain  mate- 
rials in  construction. 

Another  force  that  is  entitled  to  respect,  but  is  usually  ignored  in 
our  latitude,  though  liable  to  be  active  at  any  moment  and  most  power- 
ful to  destroy,  is  earthquake.  A  notable  bviilding  in  San  Francisco 
has  iron  plate  web  bracing  from  top  to  bottom,  designed  as  provision 
against  seismic  disturbances,  which  are  more  frequent  on  the  Pacific 
coast  than  in  the  East,  though  rarely  severe.  No  part  of  the  country 
can  claim  immunity  from  them,  as  the  experience  of  a  few  years  past 
shows,  and  even  slight  shocks  are  destructive  to  brick  masonry  of  low 
buildings,  while  the  effect  of  the  undulations  of  the  earth's  surface 
increases  rapidly  with  the  height  above  the  ground.  The  only  abso- 
lute security  against  danger  from  this  source  is  in  a  system  of  bracing 
■with  some  elastic  material  of  positive  strength  that  will  so  unify  a 
structure  that  it  will  hold  together  even  to  the  point  of  being  over- 
turned bodily,  a  quality  which  an  enthusiastic  writer  claims  off-hand 
for  steel  skeleton  buildings  in  general,  but  which  is  probably  not  pos- 
sessed by  any  yet  built.  A  reasonable  degree  of  security  against  injury 
from  any  of  the  causes  mentioned  can  be  obtained  with  the  above  sug- 
gested provision  for  wind  strains,  care  being  always  taken  that  all 
details,  fastening  of  bracing,  etc.,  are  equal  in  strength  to  the  main 
members  and  competent  to  properly  transmit  components  of  stress. 

The  buildings  which  are  probably  most  deficient  in  wind  bracing 
are  those  used  for  manufacturing.  They  are  not  as  high  as  some  others, 
although  in  cities  they  are  increasing  in  height  with  the  value  of  the 
ground,  but  they  are  often  isolated,  and  always  have  large  floor  areas 
"without  partitions,  and  are  stiffened  only  with  small  gusset  braces  or 
knees  which  are  sometimes  inadequately  fastened.  The  regular  vibra- 
tions of  the  machinery  loosen  the  hold  of  the  floors  upon  the  walls, 
and  set  up  destructive  movements  that  make  it  not  strange  that  when 
an  occasional  tornado  finds  one  of  these  structures  in  its  path,  a  disas- 
ter with  appalling  loss  of  life  results. 

This  paper  is  submitted  for  the  purpose  of  calling  attention  to 
some  common  faults  in  designing  important  works,  with  the  hope  that 
interested  members  of  the  profession  will  record,  in  the  shaj^e  of  dis- 
cussion of  the  ijoints  involved,  their  judgment  and  observation,  to  the 
end  that  more  uniform  and  improved  methods  of  construction  may 
prevail,  a  result  that  will  certainly  follow  a  thorough  ventilation  of  the 
subject. 
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DISCUSSION. 


J.  P.  Snow,  M.  Am.  Soc.  C.  E. — If  architects  and  arcliitectural 
engineers  would  use  built  sections  of  plates  and  angle  irons  for  their 
large  girders  instead  of  the  conventional  rolled  beams,  they  could  make 
much  more  efficient  connections  with  their  columns  than  is  usual  in 
ordinary  building  construction.  The  use  of  cast-iron  columns  with 
metal  floor  beams  cannot  be  called  good  engineering,  unless  the 
columns  must  be  exposed  as  in  halls.  If  we  have  friendly  partitions 
in  which  to  hide  the  posts,  wrought  iron  is  cheaper  and  gives  us  much 
better  facilities  for  making  good  connections  with  the  floor  girders. 
With  built  girders  and  wrought-iron  posts  such  joints  may  be  readily 
designed  as  will  give  a  fair  amount  of  rigidity  in  those  cases  where  re- 
gular transverse  bracing  would  seriously  interfere  with  the  necessary 
openings  in  the  partitions. 

A  feature  that  I  once  used  in  a  design  for  a  high  building  may  be 
worth  describing  here.  The  building  was  48  feet  wide,  and  eight  floors, 
each  figured  for  150  pounds  per  square  foot,  together  with  the  roof, 
were  to  be  carried  by  the  frame  so  as  to  leave  the  floors  below  clear  for 
halls.  I  used  two  main  columns  of  Z  hars  footing  on  the  walls  and  in- 
clined inward  so  as  to  be  10  i  feet  apart  at  the  roof.  The  main  floor 
girders  were  channel  shaj^e,  in  pairs  and  riveted  across  the  sides  of  the 
posts.  The  floor  stringers  were  rolled  beams  headed  into  the  girders. 
The  walls  in  this  case  were  sufficiently  heavy  to  carry 
the  floor  beam  weight  delivered  to  them  by  the  ends  of 
the  beams.  The  subjoined  sketch  shows  the  style  of 
framing  adopted.  The  inclined  posts  act  to  resist  an 
overturning  tendency  like  the  legs  of  an  ordinary  trestle. 
The  floor  girders  being  riveted  or  bolted  across  the  j)osts, 
make  a  very  rigid  and  convenient  joint.  The  diagonal 
members  are  inside  the  girders  and  are  quite  light;  they 
were  arranged  in  strut  form  to  clear  a  wide  circular- 
topped  central  corridor.  If  doors  could  be  otherwise 
arranged,  a  tie  system  would  probably  work  up  lighter. 
A  j)ossible  objection  to  this  style  of  post  is  the  thickness 
of  partitions  required  to  cover  it.  In  defence  I  submit 
that  a  structure  must  have  a  skeleton  somewhere  to  sustain  it,  either 
on  the  outside  like  a  crustacean,  or  inside  like  a  vertebrate,  and  if  the 
outside  walls  are  reduced  to  "mere  curtains,"  as  quoted  by  the  author, 
we  must  be  allowed  space  for  a  proper  skeleton  within. 

The  danger  from  earthquakes,  though  remote,  should  be  considered 
in  the  design  of  high  structures.  There  is  probably  no  likelihood  in 
our  country  of  such  terrific  shakes  as  occur  in  the  tropics ;  but  such  as 
Charleston,  S.  C. ,  experienced  in  1886,  may  occur  anywhere,  and  would 
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not  endanger  life,  even  in  the  highest  buildings,  if  the  frames  were 
properly  designed.  It  was  my  fortune  to  have  an  opj)ortunity  to  study 
the  effects  of  the  Charleston  disaster  pretty  fully,  and  the  fact  was  ap- 
parent that  structures  there,  which  were  light  at  the  top  and  were  fairly 
well  tied  together,  suffered  but  little.  On  the  other  hand,  structures 
that  were  top-heavy,  especially  buildings  with  heavy  over-hanging  cor- 
nices, were  sadly  demoralized.  This  seems  to  be  a  natural  result  of 
the  laws  of  stability.  If  the  inertia  of  the  top  is  too  great  for  the  at- 
tachments and  fastening  to  "overcome,  the  top  will,  of  course,  be  left 
unsupiJorted  when  the  lower  part  moves.  I  do  not  think  transverse 
bracing  is  so  much  needed  in  case  of  earthquake  as  good  connections 
and  thorough  fastening  of  all  parts  together,  and  a  systematic  reduc- 
tion of  weight  from  the  bottom  to  the  top;  care  being  taken  to  avoid  all 
heavy  cornices  and  projecting  front  ornaments  at  the  toj)  of  the  build- 
ing. The  mason's  art  of  simply  laying  one  piece  on  top  of  another  is 
the  very  worst  style  of  building  that  can  be  adopted  for  earthquake 
resistance.  The  stone  veneer  of  a  building  with  a  metal  frame  would 
probably  be  tumbled  into  the  street  by  a  moderate  shock  unless  it  was 
practically  disconnected  at  each  floor  and  made  an  integral  part  of  the 
frame  by  anchors  and  supj)orting  girders. 

Mr.  FosTEE  MiiiiiEKEN. — Not  being  a  member  of  this  Society,  it  is 
with  some  reluctance  that  I  take  part  in  this  discussion,  but  I  ho^^e 
that  my  experience  in  certain  directions  may  be  of  interest  to  others. 
I  would  speak  particularly  of  the  connections  of  columns  at  floor 
levels,  because  these  are  their  weak  points  when  considering  wind 
strains. 

When  cast-iron  columns  with  wooden  gii-ders  were  first  used  for 
buildings,  the  round  or  oval  cast  pintle  was  adopted.  This  was  not 
connected  in  any  way  by  bolts  or  rivets  to  either  column,  and  its 
equilibrium  depended  on  the  wooden  girders  holding  it  in  line,  much 
the  same  as  a  child  would  pile  blocks  up  and  steady  the  pile  with  its 
hands.  After  numerous  accidents  during  and  after  erection,  the  pintle 
was  cast  as  part  of  the  upper  column.  This  was  like  taking  one  of  the 
"blocks"  out  of  the  pile  at  each  level,  but  still  accidents  occurred. 
Subsequently,  the  line  of  joint  was  made  above  the  floor,  and  the  pintle 
cast  on  the  lower  column,  the  connection  to  the  upper  column  being 
made  by  flange  bolts.  This  connection  answered  for  a  great  many 
years,  and  is  still  largely  used,  but  the  days  of  cast-iron  columns  for 
all  but  buildings  of  a  few  stories  with  short  shafts  are  numbered. 
Owing  to  the  many  faults  of  cast-iron  columns,  which  it  is  not 
necessary  here  to  sfjecify,  many  engineers  and  architects  refuse  to  use 
them  for  important  high  structures,  and  wrought  iron  and,  more 
recently,  steel  columns  have  come  into  very  general  use. 

The  question  naturally  comes  up  as  to  the  connections  of  columns 
at  the  floor  level.     Ii-on  workers  followed  at  first  the  practice  for  cast- 
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iron  cohimns,  using  a  bracket  near  the  head  of  the  column  for  the  sup- 
port of  the  beams  or  gii'ders  and  making  the  joint  in  the  column  above 
the  tops  of  the  beams,  or  just  below  the  floor  level.  In  some  cases  the 
joint  was  made  at  the  underside  of  the  beams  ;  but  this,  except  in 
certain  cases,  necessitated  putting  up  two  tiers  of  columns  before  the 
beams  of  the  floor  below  could  be  put  in  place.  Either  of  these  forms 
is  open  to  radical  improvement,  as  can  be  clearly  shown  by  reference  to 
an  entirely  new  and  different  form  of  connection.  The  connection 
illustrated  in  Plate  XLIV  is  adapted  for  use  with  the  Phoenix  column 
and  is  called  a  cross  pintle.  Similar  forms  may  be  designed  for  other 
styles  of  columns. 

I  would  classify  under  the  following  headings  the  main  points  con- 
stituting the  perfect  joint  : 

1st.  Continuity  of  columns  from  cellar  to  roof. 

2d.  Proper  connections  for  load  and  distribution  of  loading  on  the 
column. 

3d.  Facility  of  connection  for  wind  bracing. 

4th.  Ready  alignment  of  column. 

5th.  Simplicity  of  design,  thus  facilitating  erection  and  minimizing 
error. 

6th.  Cost. 

1st.  Continuity  of  columns.  An  ideal  column  would  be  one 
that  had  a  uniform  taper  and  whose  section  varied  from  floor  to 
floor  as  the  loads  increased.  In  the  design  presented  we  have  a 
column  that  meets  these  requirements,  for  as  soon  as  the  connection 
is  made  and  riveted,  the  pintle  forms  a  splice  or  fish  joint  of 
the  very  best  kind  in  which  the  joint  is  stronger  laterally  and 
vertically  than  any  other  part  of  the  shaft.  Opportunity  for  change  in 
sectional  area  is  provided  at  each  tier.  There  is  no  leverage  to  tear 
the  joint  asunder,  such  as  there  is  in  any  flange  joint.  All  that  is 
necessary  to  separate  a  flange  connection  is  to  strip  the  bolts  or  pull 
the  rivet  heads  off,  especially  where  the  joint  is  above  the  floor,  in 
which  case  the  floor  beams  offer  no  brace  to  the  foot  of  the  column. 
The  effective  length  of  a  column  with  the  cross  pintle  connection  is 
the  distance  from  the  floor  level  to  the  ceiling  only,  thus  reducing  the 
effective  length.     The  ends  are  in  every  sense  of  the  word  fixed. 

As  to  the  second  point,  the  bearing  of  beams  and  girders  on  columns. 
In  the  type  of  connection  here  presented,  the  cross  pintle  is  simply  a 
continuation  of  the  webs  of  the  girders  clear  through  the  column,  dis- 
tributing the  load  to  all  parts  of  the  column,  and  overcoming  to  a  large 
extent  the  tendency  of  eccentric  loads  to  bear  only  on  a  part  of  the  column 
and  thus  tend  to  bend  it.  The  connection  of  a  girder  to  a  column  is  much 
more  satisfactory  when  made  through  the  web  than  through  a  bracket 
under  the  girder  flange.  Brackets  are  undesirable,  as  they  interfere 
with  the  floor  and  ceiling  finish  of  a  room.     The  cross  pintle  itself 
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transmits  its  load  directly,  that  is,  by  actual  contact  with  the  filler 
bars  below  it,  in  addition  to  which  the  rivets  in  the  column  flanges  act 
in  double  shear. 

As  to  the  third  point,  the  arrangement  for  wind  bracing.  While 
this  connection  would  not  do  away  with  wind  bracing  altogether,  in  a 
narrow  and  very  high  building,  yet  it  can  be  seen  at  a  glance  that  where 
columns  of  the  old  style  Avould  need  wind  bracing,  this  form  would  in 
many  cases  answer  without,  owing  to  the  very  rigid  connection  of  the 
column  to  the  girder  and  because  the  column  is  continuous  from  cellar 
to  roof.  Where  wind  bracing  is  found  necessary  I  would  recommend 
that  the  cross  pintle  be  made  deeper  than  the  girder,  and  the  diagonal 
rods  be  connected  by  pins  directly  to  the  pintle  plate.  This  connec- 
tion would  also  offer  greater  resistance  in  the  case  of  uneven  settlement 
of  columns. 

As  to  the  fourth  point,  the  alignment  of  columns.  Every  one  who  is 
familiar  with  construction  knows  how  much  time  it  requires  to  "true" 
columns  and  align  them,  and  what  a  great  saving  it  is  to  have  a  cohimn 
that  aligns  itself.  The  upper  column  fitting  over  a  pintle  must  neces- 
sarily align  itself  whether  the  workman  is  careless  or  not.  This  brings 
us  to  the  fifth  point,  simplicity  of  design  so  that  ignorant  workmen  can- 
not go  astray.  The  writer  has  often  seen  columns  designed  Avith  the 
utmost  care,  with  ends  all  carefully  faced,  set  up  on  nails,  bits  of  slate, 
sheet  iron  or  anything  convenient,  so  as  to  correct  the  error  made  in  the 
column  already  set  up.  It  is  quite  evident  that  such  a  column  will 
not  safely  bear  the  load  it  was  designed  to  carry.  The  connection  here 
shown  cannot  be  tampered  with,  as  the  columns  will  not  then  fit 
together.  I  have  always  had  more  or  less  trouble  with  columns  with 
brackets ;  the  brackets  are  often  bent  and  in  some  cases  entirely  broken 
off  either  in  transit,  or  in  handling  them  while  in  process  of  erection. 
The  columns  fitted  for  cross  pintles  are,  when  shipped,  simply  a  shaft 
free  from. all  brackets  or  projecting  plates. 

As  to  the  sixth  point,  the  cost  of  columns  is  certainly  reduced  by 
this  system.  The  greatest  expense  in  shop  work  is  work  that  requires 
forging.  This  plan  of  connection  is  absolutely  free  from  bent  plates 
of  any  kind.  Further,  the  plates  are  always  of  such  size  that  they  are 
easily  procurable.  The  work  is  of  the  very  simplest  kind,  while  the 
weight  of  the  connections  themselves  is  from  one-half  to  two-thirds 
that  of  the  or-dinary  cap  and  base  plate  connection.     . 

H.  W.  Beinckekhoff,  M.  Am.  Soc.  C.  E.— Mr.  Milliken  has 
modestly  omitted  to  mention  that  this  pintle  connection,  which  he  has 
described,  is  being  used  in  the  columns  of  the  large  power-station  of 
the  Broadway  Cable  Road  at  the  corner  of  Broadway  and  Houston 
Street,  by  Post  &  McCord,  contractors  for  the  iron-work,  where,  owing 
to  the  difference  of  elevation  between  different  parts  of  the  first  floor, 
some  of  the  pintle  plates  are  more  than  8  feet  in  depth.     In  this  floor 
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the  pintle  plates  only  extend  a  very  short  distance  above  the  joint, 
so,  that,  in  case  the  second  floor  columns  should  not  be  set  for  a 
while,  the  pintle  plates  would  not  be  exposed  to  injury  or  be  in  the 
way. 

Returning  a  little  nearer  to  the  subject  of  the  paper  under  discus- 
sion, and  considering  the  vibration  of  high  buildings  due  to  wind  or 
other  causes  which  may  be  prevented  by  suitable  bracing,  I  would 
say  that  the  worst  instance  of  the  kind  that  has  come  under  my  notice 
was  in  the  six-story  brick  building,  the  top  floor  of  which  was  for- 
merly occupied  by  the  Engineering  Record,  where  we  were  really 
shaken  out  of  our  quarters  and  forced  to  move  out.  The  building  was 
very  much  cut  uii  by  windows  in  front,  so  that  it  had  no  lateral  stifi"- 
ness  and  the  sway  on  the  upper  floors  was  such  that  if  you  sat  with 
one  leg  crossed  over  the  other,  you  could  not  keep  it  still.  I  know 
one  gentleman  who  was  made  actually  seasick  by  the  incessant  vibra- 
tion, which  shows  the  extent  to  which  the  building  was  shaken.  It 
was  due,  undoubtedly,  to  the  printing  presses,  where  the  type-form 
and  bed  traveled  rapidly  backwards  and  forwards,  and  had  their  motion 
suddenly  arrested  at  each  end  of  the  stroke. 

This  swaying  of  buildings  is  felt  sometimes  at  great  distances 
from  the  force  that  starts  it.  In  the  New  York  Steam  Company's  build- 
ing on  Green^-ich  Street  a  large  blower  shook  the  building,  although 
a  very  heavy  one,  and  the  blower  was  placed  right  in  a  corner  where 
you  would  expect  the  building  to  be  stiff.  The  tremor  was  felt  to  an 
annoying  degree  through  and  to  connecting  buildings  on  the  same 
block  as  much  as  a  hundred  feet  away. 

I  might  mention  that  in  erecting  this  same  building  the  heavy  cast- 
iron  bases  for  the  columns  were  very  carefully  leveled;  but,  when  we 
had  the  first  tier  of  columns  set,  we  found  that  their  tops  were  not 
level  at  all.  We  could  not  understand  how  the  two  faces  of  the  turned 
columns  could  fail  to  be  parallel.  We  investigated  the  matter,  how- 
ever, and  went  over  to  the  shop  where  the  columns  were  made,  and 
found  that  they  had  put  them  on  their  lathe  shears,  and  blocked 
them  up,  and,  clamping  the  columns  fast,  had  started  a  cutter  at- 
tached to  a  face  plate  at  each  end.  As  the  shears  were  of  wood,  and 
exposed  to  the  weather,  they  naturally  got  out  of  line  in  course  of 
time,  so  that  the  face  jjlates  were  no  longer  jjarallel,  and,  of  course, 
the  finished  ends  of  the  columns  could  not  be  either.  This  incident 
shows  that  unless  you  know  how  your  columns  are  turned,  you  can- 
not be  sure  that  their  finished  faces  are  parallel  merely  because  they 
ajDiDear  to  have  been  done  in  a  lathe.  I  tremble  to  think  how  many 
columns  went  through  that  old  machine  before  we  had  it  trued  up, 
and  are  now  carrying  heavy  loads  on  one  edge  only  of  their  bearing 
surfaces. 

To  return  asrain  to  our  wind  bracing,  the  onlv  building  in  which  I 
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have  observed  anything  of  the  kind  is  now  going  up  on  Vandewater 
Street,  near  the  bridge,  which  some  of  you  may  have  noticed.  Its 
walls  are  iron  frames  filled  with  Avindows,  while  the  narroAv  rear  wall 
is  paneled  with  brick.  This  wall  alone  has  diagonal  bracing  in  it, 
perhaps  because  it  is  so  narrow  that  it  may  be  supposed  to  need  it, 
but  more  likely  because  the  windows  woiild  have  interfered  with  it 
elsewhere. 

In  a  building,  also  in  plain  sight  from  the  bridge,  put  up  recently 
at  the  corner  of  Pearl  and  William  Streets,  the  iron-work  of  the  interior 
was,  as  is  not  uncommon,  carried  up  two  or  three  stories  ahead  of  the 
brick  walls,  and  a  derrick  used  for  hoisting  material  had  its  back 
guys  fastened  to  the  upper  floor,  while  its  foot  rested  on  the  floor 
below  with  nothing  to  resist  the  pull  of  the  guys,  except  the  stiff- 
ness of  the  column  connections.  It  did  not  pull  the  top  floor  over, 
but  I  wondered  what  kind  Providence  prevented  it.  In  such  a  case 
good  wind-bracing  would  have  rendered  important  service  during 
erection. 

J.  FosTEB  Ceo  WELL,  M.  Am.  Soc.  C.  E. — There  is  an  eleven-story 
ofiice  building  now  in  coiirse  of  erection  at  the  corner  of  Broad  and 
Beaver  Streets,  in  this  city,  which,  if  the  criticisms  in  this  i^aper  are 
well  founded,  exhibits  great  boldness  on  the  part  of  its  designer.  It 
stands  on  a  pile  foundation,  and  is  carried  on  cast-iron  columns  from 
base  to  roof  throughout.  The  exterior  walls  are  of  masonry,  serving 
as  curtains  merely,  and  do  not  extend  below  the  street  level,  so  that  the 
first  tier  of  columns  is  without  vertical  plane-bracing. 

The  arrangement  of  columns  and  floor  connections  are  difi"erent 
from  the  types  just  described.  The  floor  girders  are  secured  to  the 
tops  of  the  columns,  which  pass  between  them  to  the  upper  flange, 
resting  on  brackets  or  lugs  cast  on  to  the  columns.  Each  tier  of 
columns  rests  directly  on  the  tops  of  the  tier  below,  and  is  held  in 
place,  laterally,  by  flange  bolts,  which  evidently  have  no  adequate 
relation  to  diagonal  bracing. 

The  several  stories  are  simply  a  succession  of  "tables"  j)iled  one 
on  top  of  the  other.  There  can  be  little  or  no  rigidity  in  the  connec- 
tion between  the  feet  of  the  columns  and  the  girders,  and  the  architect 
probably  relies  on  the  table  construction,  in  addition  to  the  masonry 
filling  in  the  exterior  walls  and  partitions,  for  bracing  against  over- 
turning. In  case  of  unequal  settlement  of  column  foundation,  it  would 
seem  as  if  there  might  be  serious  trouble  in  this  type  of  building,  due 
more  particularly  to  the  use  of  cast  iron  for  columns. 

In  regard  to  the  suggestion  in  the  jsaper,  as  to  whether  special  pro- 
vision should  be  made  for  earthquakes,  I  venture  the  oiainion,  sj^eaking, 
of  course,  of  buildings  in  this  part  of  the  world,  that  if  a  building  is 
secure  against  the  combined  action  of  gravity  and  of  the  high-wind 
forces  of  this  vicinity,  there  need  be  no  apprehension  that  it  will  not 
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withstand  the  earthquakes  that  are  likely  to  occur  in  these  lati- 
tudes. 

I  once  had  the  exjierience  of  being  thrown  out  of  bed  by  an  earth- 
quake in  Nicaragua,  and  although  I  cannot  boast  of  very  much  knowl- 
edge on  the  subject  of  earthquakes,  yet  I  think  it  is  a  good  deal  of  a 
bugbear,  a  view  which  I  think  is  borne  out  by  the  exj)erience  of  the 
San  Francisco  builders,  whose  more  modern  constructions  resemble 
those  of  other  localities,  with  yarely  any  special  consideration  for  earth- 
quakes in  their  design.  Even  in  tropical  countries,  the  general  earth- 
quake does  not  aiDj)ear  to  be  of  a  character  to  afiect  modern  massive 
buildings.  I  am  aware  that  there  have  been  massive  buildings 
destroyed  by  earthquakes,  but  if  they  had  been  constructed  as  our 
best  modern  buildings  are,  I  doubt  if  they  would  have  been. 

The  earthquake  effect  that  is  propagated  to  regions  remote  from  its 
origin,  seems  somewhat  in  the  nature  of  a  sharp  and  sudden  stroke  on 
the  lower  side  of  the  earth's  crust.  It  seems  to  be  local,  largely ;  it 
does  not  as  a  rule  extend  over  a  large  area  of  country;  but  wherever 
it  occurs  it  is  the  manifestation  of  imi^act  from  below,  and  does  not 
appear  to  move  laterally  along  the  surface,  but  consists  of  a  succession 
of  shocks.  The  seismic  records,  I  think,  indicate  that  this  condition  is 
the  usual  one  for  propagated  earthquakes. 

My  own  little  experience  confirms  the  supi^osition.  It  occurred 
when  lying  in  a  peculiarly  constructed  camp  bed,  made  by  driving  four 
stout  corner  stakes  into  the  ground,  lashing  side-bars  and  cross-braces 
to  them,  and  then  stretching  very  tightly  a  canvas  hammock,  with 
a  cordlacing  all  around,  so  that  the  bed  was  very  elastic,  like  a  drum- 
head. When  the  earthquake,  which  was  some  forty-five  seconds  in  dura- 
tion, manifested  itself,  several  of  us  who  were  occupying  sejoarately  such 
beds,  were  throTsoi  out ;  the  shock  came  distinctly  from  below.  We  were 
"  snapped  out,"  so  to  speak,  and  landed  on  the  ground,  right  near  us. 
We  were  a  few  yards  from  the  San  Juan  River ;  a  large  tree  which  had 
overhung  the  bank  was  thrown  down. 

To  return  to  the  buildings,  I  do  not,  as  I  have  said,  consider  the 
earthquake  contingency  to  be  a  very  serious  matter  in  this  country. 
Of  course,  we  can  imagine  earthquakes  against  which  all  builders 
would  be  impotent,  but  buildings  properly  designed  to  withstand  tor- 
nadoes and  their  loading  will,  I  think,  stand  any  ordinary  earthquake. 

Hekry  B.  Seaman,  M.  Am.  Soc.  C.  E. — The  lateral  stability  of  build- 
ings has  received  much  less  attention  than  have  the  provisions  for  verti- 
cal loads.  Roofs  are  designed  for  strains  which,  in  their  combination, 
rarely,  if  ever,  occur,  while  the  sides  are  proportioned  for  the  most 
casual  wind  pressure,  or  for  none  at  all.  The  pressure  of  40  pounds 
per  square  foot,  for  which  most  roofs  are  designed,  would  probably 
collapse  the  majority  of  structures  on  which  they  are  placed.  The  re- 
corded pressure  at  Central  Park  protected,  as  it  is,  by  New  York  City, 
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is  38  pounds  per  square  foot,  and  pressures  far  exceeding  this  have  been 
recorded  in  more  exposed  localities. 

While  these  i^ressures  may  be  confined  to  small  areas,  it  should 
be  remembered  that  buildings  are  not  capable  of  the  accurate  adjust- 
ment that  may  exist  in  bridge  structures,  and  we  cannot  depend  upon 
the  same  simultaneous  resistance  of  the  different  parts.  .  The  practice 
of  specifying  light  pressures,  and  dej^ending  on  a  factor  of  safety  for  the 
requisite  strength — as  is  the  custom  with  many  constructing  firms — is 
objectionable.  The  factor  of  safety  has  many  structural  defects  to 
provide  for,  and  in  this  class  of  work  is  not  prepared  for  additional 
loads.  There  is,  however,  a  constant  tendency  in  this  direction  by 
those  whose  interest  it  is  to  save  first  cost,  at  the  sacrifice,  if  necessary, 
of  permanent  security. 

Geokge  a.  Just,  M.  Am.  Soc.  C.  E. — It  seems  hardly  necessary  to 
calculate  buildings  to  resist  a  wind  pressure  of  40  pounds  jper  square 
foot  of  exposed  area.  Danger  from  wind  exists  mainly  during  construc- 
tion, while  walls  are  still  "green"  and  the  building  remains  to  be 
"  tojjped  out."  The  majority  of  accidents  probably  happen  before 
this  stage  is  reached. 

Buildings  have  been  erected  in  this  city — and,  no  doubt,  elsewhere — 
with  such  a  disregard  to  resistance  to  wind,  that  the  conclusion  seems 
inevitable,  that  they  remained  intact  only  by  the  operation  of  forces 
that  are  ordinarily  ignored  by  engineers  in  their  calculations.  How- 
ever, the  architect  and  builder  rely  ujion  these  forces  and  in  the  end 
they  seem  sufficient.  "We  admit  this  is  not  good  practice  or  good 
theory. 

If  Mr.  Quimby,  in  his  paper,  had  submitted  to  us  a  system  or  method 
of  bracing  meeting  the  requirements  of  architects,  satisfying  at  the 
same  time  all  technical  considerations,  he  would  have  led  us  a  step  in 
the  right  direction.  Biit  a  provision  for  40  pounds  per  square  foot 
applied  uniformly  over  the  entire  exposed  area  of  a  wall  or  building 
seems  more  than  necessary.  On  the  other  hand,  the  destruction  of 
buildings  is  often  aided  by  the  disintegration  of  green  walls,  caused  by 
the  vibration  of  hod-hoisting  engines  and  other  appliances  extensively 
used  in  the  erection  of  modern  structures.  In  bitildings  of  the  class 
under  discussion,  the  careless  methods  of  the  "architectural  iron 
man"  should  cex'tainly  be  supplanted.  The  same  reason  for  making 
the  columns  continuous  by  means  of  ample  sijlices  exist  here  as  in 
the  case  of  "bridge-bents  "  or  "viaduct-towers." 

The  detail  shown  by  Mr.  Quimby  in  Fig.  1  of  his  paper,  and  one 
that  is  generally  used  since  the  introduction  of  wrought  columns  in 
buildings,  is  a  poor  one.  It  prevents  good  splicing  and  girder  connec- 
tions, and  makes  the  erection  of  the  next  higher  tier  more  difficult  for 
the  "setter."  On  this  point  the  "  rolling-mill  engineer "  could  well 
follow  the   less   professional    "iron-man"   who   always   attaches   his 
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girders  and  beams  to  the  head  of  the 
lower  column  and  makes  his  joint  at 
or  above  the  floor  line.  I  happened 
to  be  connected  with  the  erection  of 
the  first  and  some  of  the  subsequent 
buildings  of  this  class  in  New  York. 
The  first,  kno-mi  as  the  "Tower 
Building,"  I  declared  unstable  as  it 
was  being  "topped-out."  Isli.  Theo- 
dore Cooper,  M.  Am.  Soc.  C.  E.,  sub- 
sequently sustained  this  position  in 
a  report  to  the  architect. 

This  building  of  eleven   stories, 
with  basement  and  cellar,  reaching 
about  116  feet  above  the  curb,  with 
a  wing  or  frontage  of   only  21  feet 
6    inches    on    Broadway,    was    con- 
structed with  the  usual  cast  columns 
spaced  13  to  19  feet  on  centers,  Tvith 
longitudinal  and  cross  beams  in  the 
floors.     The  connections  of  the  latter 
to  the   columns  were   made  in   the 
careless  manner  usual  to  buildings, 
so  that  for  purposes  of  calculation  it 
was   deemed   wise   to    consider    the 
side  or  gable  walls  as  virtually  inde- 
pendent of  each  other.     As  a  result 
five  trusses  (Fig.  1)  were  introduced 
into  the  narrow  pai-t,  or   Broadway 
wing,  of  the  building,  transversely, 
and  extending  from  the  cellar  to  the 
t  roof.     The  columns  of  the  south  wall 
f  were  utilized  as  a  chord.     The  other 
chord   consisted  of   double    L  irons 
placed  13  feet  away  at  the  line  of  the 
halhvays,  which  of  course  could  not 
be  closed  up.     This  new  chord  was 
attached    to    the    intersecting    floor 
beams  at  each  story,  the  web  mem- 
bers by  panel  plates  to  the  angle- 
chord,  and   by  tap   bolts   and   bent 
plates  to  the  cast  columns.     While 
the  value  of  the  latter   connections 

depended  mainly   on   the   skill  and  //VS    >/ 

care  exercised  by  the  workmen,  it  seemed  at  the  time'the  only  means 
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to  an  end.  In  the  worst  case  the  loads  assumed  induced  strains 
that  required  chord  sections  at  the  bottom  of  two  6  x  6  x  |f- 
inch  angles,  and  end  webs  each  of  four  3  x  2  x  ^-inch  angles.  These 
small-legged  angles  were  used  so  as  to  confine  the  iron  within  the  jiar- 
titions,  none  of  this  trussing  being  visible  in  the  completed  building. 
The  trusses  were  spaced  13  to  25  feet  center  to  center,  to  meet  the 
position  of  the  wall  columns  already  in  place. 

Mr.  Seaman. — Mr.  Just  remarks  that  he  does  not  agree  with  the 
provision  for  wind  pressure  of  40  pounds,  and  then  speaks  of  buildings 
that  were  too  light. 

Mr.  Just. — I  believe  we  can  use,  at  least  in  this  vicinity,  with 
safety,  a  lighter  load  than  proposed,  because  the  U.  S.  Signal  Service 
here  has  only  once  recorded  a  velocity  of  84  miles  an  hour,  or  about 
35  pounds  per  square  foot.  They  consider  60  miles  an  hour,  or 
18  pounds  per  square  foot  high,  and  record  more  often  only  50  miles 
or  12|  pounds  per  square  foot;  because  factors  omitted  in  our  calcula- 
tions do  nevertheless  aid  the  stability  of  a  structure,  and  because,  as 
Mr.  Quimby  points  out,  experiments  with  anemometers  seem  to  prove 
that  high  pressures  are  local  and  not  extended  over  large  areas. 

Mr.  Seaman. — -Then  you  want  to  provide  for  35  pounds  ? 

Mr.  Just. — No,  I  believe  30  pounds  will  answer  the  requirements  of 
safety.  It  will  be  recalled  that  in  the  exi^eriments  bearing  on  this 
question,  made  during  the  construction  of  the  Forth  Bridge,  a  revolv- 
ing gauge,  a  small  fixed  gauge,  and  a  large  fixed  board  gauge  (15  x  20 
feet)  were  used.  The  large  board  gauge  was  further  provided  with  a 
small  gauge  in  its  center,  and  with  another  at  one  of  its  upper  corners. 
The  maximum  results  obtained  in  all  that  time  were — 


Date. 

Eevolving 
Gauge. 

Small 
Fixed. 

Large 
Fixed. 

Center  Large 
Board. 

Upper  Corner 
Large  Board. 

Gale  March  31st,  1886 

26 
27 
35 

31 
24 
41 

19 

IS 

27 

28^ 
23^ 

22 

Gale  January  25tli,  1890 

22 

i.  e.,  over  this  limited  area  of  only  300  square  feet  no  higher  pressure 
than  27  pounds  was  ever  recorded,  while  this  bridge  was  designed  for 
twice  56  pounds  over  the  whole  area  of  the  girder  surface  exposed,  in 
accord  with  the  rules  of  the  "Board  of  Trade,"  yet  the  report  made  to 
this  board  by  a  body  of  engineers  in  1881,  and  upon  whose  recom- 
mendation these  rules  were  presumably  based,  closes  with  the  remark: 
' '  If  the  lateral  extent  of  extremely  high  gusts  should  prove  to  be  very 
small,  it  would  become  a  question  whether  some  relaxation  might  not 
be  permitted  in  the  requirements  of  this  report." 

The  engineers  of  the  bridge,  after  their  experiments,  concluded  that 
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"the  higher  -wind  pressures  come  more  in  gusts  and  sudden  squalls,  than 
in  a  steady  even  pressure  extending  over  a  large  area."  Reference 
may  here  also  be  made  to  Mr.  Shaler  Smith's  paper  on  "Wind  Pressure 
upon  Bridges,"  printed  in  Vol.  X  of  the  Transactions,  in  which,  while 
recording  local  pressures  as  high  as  93  pounds  per  square  foot,  he 
states:  "I  very  much  doubt  if  a  direct  wind  or  gale  ever  exceeds  30 
pounds  2)er  foot,"  etc. 

A.  F.  Sears,  M.  Am.  Soc.  C.  E. — "When  I  came  into  the  hall  this 
evening,  I  had  no  intention  of  saying  a  word  on  the  subject  of  this 
paper;  and  if  the  lessons  to  be  drawn  from  the  discussion  were  to  be 
limited  to  the  City  of  New  York  I  still  would  have  nothing  to  say 
about  it;  but  as  the  Transactions  of  this  Society  are  read  everywhere 
and  the  principles  of  construction  w^e  are  supposed  to  develop  here 
are  made  use  of  in  every  jDart  of  this  continent,  it  may  be  well  to  cor- 
rect or  rather  develop  one  statement,  and  say,  in  connection  with  Mr. 
Crowell's  remarks,  that  structures  erected  for  earthquake  countries, 
if  built  for  only  one  kind  of  earthquake,  would  be  insecure  affairs. 

Mr.  Crowell  has  told  us  that  earthquakes  are  like  blows  uj^ward 
from  under  the  crust  of  the  earth.  Now,  that  is  only  one  of  three  dis- 
tinct classes  of  earthquake;  it  is,  however,  the  most  dangerous  of  all, 
getting  the  name  in  Spanish  countries,  where  such  phenomena  do  most 
abound,  on  account  of  the  terror  it  inspires,  of  the  Choque  de  Trepida- 
cion.     This  is  the  shock  that  knocks  down  walls. 

So  far  is  it  from  being  true  that  massive  structures  are  not  injured 
by  earthquakes,  my  personal  experience  and  observation  is  precisely 
the  opposite.  I  would  say  it  is  the  massive  construction  that  is  injured, 
that  is  exposed  more  than  any  other  to  danger.  Only  a  few  years  ago, 
you  will  recall,  in  1867  or  1868,  the  City  of  Arequipa  was  destroyed. 
It  suffered  more  than  the  cities  of  Lima  or  Callao  have  suffered  in 
similar  upheavals.  Arequij)a  is  solidly  built  of  stone,  while  the  others 
are  of  the  lightest  possible  material  above  the  lower  story.  Callao 
has  suffered  by  being  submerged,  but  not  by  the  shaking  dow'n  of  the 
biiildings. 

The  Peruvian  method  of  building  has  been  evolved  from  an  earth- 
quake experience.  Thus,  the  lower  story  is  a  wall  of  adobe  of  thick- 
ness varying  from  2  to  4  feet.  This  is  reckoned  safe  for  a  height  of 
perhaps  15  feet,  when  the  circumstances  of  a  church  or  some  other 
public  building  make  it  unavoidable,  but  it  is  not  desirable  to  go 
above  12  feet  with  a  solid  wall;  after  that,  the  superstructure  is  of 
bamboo,  whether  in  churches  or  other  great  buildings.  What  appear 
heavy  towers  on  the  Cathedral  and  all  the  imj)osing  structures  of 
Lima,  are,  in  reality,  only  bird-cage  construction,  stuccoed  with  mud 
and  finished  with  gypsum.  This  light  work  is  of  bamboo  from  Guaya- 
quil, which  being  stripped  into  long  narrow  lathes,  is  fastened  with 
wire  or  raw  hide  to  upright  posts  of  similar  bamboo  left  entire. 
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In  the  City  of  Mexico  tlie  walls  are  of  stone,  and  yet  when  I  was 
there  about  seven  years  ago,  nearly  all  the  high  church  walls,  and  they 
are  decidedly  massive,  were  cracked  through  by  an  earthquake  in  a 
very  considerable  part  of  their  height.  So  badly  cracked  were  they 
that  many  streets  were  guarded  with  chains  and  ropes,  to  prevent  the 
passage  of  teams,  the  jar  of  which  might  cause  the  injured  walls  to 
fall  into  the  streets. 

Earthquakes  manifest  themselves  in  one  of  three  ways.  The  first, 
as  already  described — a  blow  from  underneath  the  earth's  crust;  it 
alone  is  called  a  "shock."  The  second  is  vibratory  or  trembling  and 
is  characterized  accordingly  among  our  shaken-up  neighbors  as  a 
temblor,  or  trembling.  The  remaining  kind  is  called  a  terremoto  or 
earth  movement  and  is  undulatory. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — Has  Major  Sears  ever  discerned 
any  cracks  in  the  old  stone  bridge  at  Lima?    It  was  built  in  1610. 

Mr.  Seaks. — No;  that  is  a  very  low  structure,  very  solidly  built; 
almost  a  solid  rock  in  fact.  Some  of  the  towers  of  Lima  are  pretty 
high;  those  of  Santo  Domingo,  for  instance;  but  they  are  all  of 
bamboo. 

Mr.  Buck. — Would  not  some  of  those  heavy  waves  crack  such  a 
bridge  as  that? 

Mr.  Seaks. — I  should  think  not.  I  never  noticed  anything  of  the 
kind.  If,  however,  it  had  been  as  high  as  the  buildings  in  the  City  of 
Mexico  and  built  as  it  is,  it  would  have  been  broken  up  as  they  were. 

F.  CoLLiNGWooD,  M.  Am.  Soc.  C.  E. — Some  little  time  ago  I  was 
called  upon  to  examine  a  building  on  Pearl  Street  in  this  city.  This 
building  has  stood  there  for  j)robably  more  than  fifty  years.  The 
foundation  of  the  front  portion  is  on  sand,  and  of  the  rear  portion  on 
piles,  and  the  back  wall  was  showing  signs  of  failure.  The  floors  were 
very  heavily  loaded  with  coils  of  fence  wire,  and  at  times  the  piles  of 
coils  would  be  seen  to  vibrate  very  considerably.  The  building  was  four 
stories  high,  and  the  rear  wall  of  the  upper  three  stories  rested  on 
stone  columns  in  the  first  story.  A  crack  had  developed  by  the  separa- 
tion of  the  rear  from  one  of  the  side  walls,  the  rear  wall,  having  moved 
outward  for  about  three-eighths  of  an  inch  at  some  points.  I  took  levels 
on  the  floors  to  see  that  there  had  been  no  settlement  and  then  made  a 
wedge  of  wood  and  inserted  it  into  the  crack,  marking  carefully  the 
depth  to  which  it  could  be  inserted.  In  about  two  weeks  I  found  the 
crack  had  widened  about  3V  of  an  inch,  making  it  evident  that  the 
trouble  was  progressive.  The  cause  might  be  one  of  two,  either 
the  efi"ect  of  vibrations  caused  by  the  elevated  cars  j)assing  close  to 
the  rear  wall,  or  the  vibrations  fromdy  namos  in  the  Electric  Light  Sta- 
tion, which  was  about  three  doors  farther  north.  Which  of  these  was 
the  cause  I  could  not  tell  as  I  could  not  be  there  all  day  to  see,  but  it 
was  evidently  the  result  of  vibration.     The  remedy  which  I  proposed 
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and  -wliicli  "was  effective,  was  to  drill  holes  tlirougli  the  walls  and  fasten 
iron  bars  with  heavy  anchors  outside  the  walls,  attaching  the  bars  to 
the  under  side  of  the  beams  of  each  of  the  floors.  In  that  way  the 
front  walls  were  anchored  to  the  floors;  and,  as  the  floors  were  securely 
fixed  in  the  side  walls,  there  has  been  no  trouble  since. 

H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — I  once  had  a  brief  experience 
upon  the  top  of  a  cliff  that  may  be  of  interest  in  this  connection. 

The  cliff  was  about  500  feet  in  vertical  height,  in  this  respect 
resembling  a  Chicago  structure.  It  was  three-quarters  of  a  mile 
in  length.  From  the  base  of  the  vertical  portion  of  the  cliff  there 
was  a  slope  of  3  or  4  to  1  for  several  hundred  feet  to  the  valley 
below.  At  the  time,  the  wind  was  blowing  very  hard  from  a  direction 
at  right  angles  to  the  face  of  the  cliff.  There  was  nothing  to  break  the 
force  of  the  wind  within  a  distance  of  many  miles.  Upon  the  slope  at 
one  end  of  the  cliff,  and  in  fact  in  the  valley,  it  was  difficult  for  a 
person  to  keep  an  erect  position  without  considerable  wind  bracing, 
but  upon  the  top  and  immediate  front  of  the  precij^ice  there  was  no 
wind  to  be  observed.  There  was  no  movement  of  the  air  from  any 
particular  direction.  It  was  at  first  puzzling,  but  upon  throwing  an 
object  directly  upward  to  a  considerable  height,  it  was  caught  by  a 
strong  current,  and  carried  upward  and  toward  the  back  side  of  the 
mountain.  A  stick  thrown  in  a  horizontal  direction  from  the  top  of 
the  cliff  was  also  carried  upward,  falling  a  considerable  distance  behind 
me.     There  was  a  very  strong  current  in  this  relation  to  the  cliff. 

Now,  what  effect  this  upward  current  had  in  relieving  the  face  of 
the  cliff  from  the  force  of  the  wind  is  not  known  to  me,  and  iDerhaps 
could  not  be  very  definitely  ascertained,  but  the  upward  current  did 
completely  protect  me  from  any  horizontal  currents  while  I  remained 
ujion  the  toja  of  the  cliff. 

K.  L.  Hakris,  M.  Am.  Soc.  C.  E. — An  exami^le  of  wind  effects,  such 
as  the  gentleman  has  mentioned,  was  experienced  by  me  at  the  Palisades 
Hotel  in  1876.  It  will  be  remembered  that  this  hotel  was  situated 
about  200  feet  back  from  the  face  of  the  nearly  vertical  basaltic  cliff, 
rising  over  300  feet  from  the  westerly  shore  of  the  Hudson  Eiver. 
During  a  very  severe  easterly  gale,  by  dint  of  crawling  on  hands  and 
knees  over  the  nearly  level,  open  lawn,  I  managed  to  force  my  way  to 
the  edge  of  the  cliff.  Here,  and  for  25  feet  back,  there  seemed  to  be  a 
dead  calm;  there  was  no  wind  whatever  in  anv  direction,  the  wind  was 
above  me.  The  return  to  the  hotel  in  safety  was  difficult,  but  far  more 
speedy  than  the  approach  to  the  cliff. 

As  to  the  earthquakes  in  San  Francisco  in  1868.  My  home  was  then 
in  that  city.  Some  large  brick  buildings  were  shaken  down,  and  there 
was  also  considerable  damage  done  to  stone  copings,  balustrades,  etc. 
The  event  caused  a  great  deal  of  talk,  investigation  and  study  among 
engineers  and  architects  in  the  way  of  devising   "  earthquake-i^roof  " 
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structures.  What  then  seemed  the  best  was  to  give  a  degree  of  flexi- 
bility to  brick  structures  by  running  thin  iron  bands  vertically  in  the 
walls. 

To  show  how  old  residents  regarded  earthquakes,  I  will  cite  the 
case  of  the  wealthy  James  Lick,  the  patron  of  arts  and  sciences  on  that 
coast.  He  built  the  hotel  called  the  "  Lick  House  "  on  Montgomery 
Street,  thoroughly  and  substantially  by  day  work,  and  with  esjDecial 
regard  to  earthquakes;  it  was  only  three  or  four  stories  high.  A  public 
reception  was  given  on  the  day  of  its  opening.  To  the  surprise  of  Mr. 
Lick,  the  new  managing  firm  opened  a  finely  aiDpointed  suite  of  rooms, 
telling  him  it  was  for  his  sole  use  whenever  he  visited  San  Francisco- 
He  ejaculated,  "For  me  !  For  me  !!  I  would  not  sjjend  a  night  in  a 
brick  or  stone  structure  in  the  city  for  all  the  hotels;  no,  you  will 
find  me  at  my  ranch,  although  I  have  built  this  hotel  with  the  object 
that  it  shall  be  '  earthquake-proof.'  " 

John  Bogakt,  M.  Am.  Soc.  C.  E. — Most  of  the  discussion  this  eve- 
ning has  been  in  regard  to  what  has  happened  to  buildings  from  vibra- 
tion. In  this  i^aper  there  does  not  seem  to  be,  as  I  have  looked  over 
it,  any  reference  to  actual  experiences  of  failure  from  lack  of  bracing 
against  wind  pressure.  Would  it  not  be  well  to  give  in  the  course  of 
the  discussion,  references  to  authentic  instances  of  failure  of  buildings 
from  lack  of  bracing  against  wind  pressure,  with  some  record  of  the 
character  of  construction  of  buildings  which  have  actually  failed  from 
that  cause. 

Mendes  Cohen,  President  Am.  Soc.  C.  E. — It  occurs  to  the  Chair 
that  the  ijajjer  presented  is  treating  of  a  subject  comparatively  new. 
The  style  of  building  referred  to  is  one  that  has  only  been  constructed 
within  the  last  few  years,  and  probably  the  experience  in  the  direction 
to  which  you  refer  has  not  yet  been  accumulated.  It  occurs  to  the 
Chair  that  the  author  is  simply  throwing  out  the  idea  that  such 
trouble  is  likely  to  arise.  If  any  of  our  members  can  ofifer  any  light 
upon  any  experience  already  attained,  I  am  sure  we  would  be  very 
glad  to  hear  them. 

Mr.  CKOVTEiiL. — Although  the  author  does  not  specify  cases,  he 
refers  to  many.     I  think  it  would  be  well  to  have  him  specify. 

Mr.  BoGAKT. — That  is  the  point  I  was  trying  to  get  at. 

Mr.  Seaman. — We  had  a  case  in  Jersey  City  only  a  year  ago,  in 
which  the  walls  and  the  roof  of  the  Wells,  Fargo  &  Co.  's  building- 
fell  down  during  construction. 

Mr.  JxjST. — The  case  mentioned  by  Mr.  Seaman,  as  also  that  of  the 
Armory  at  Fourth  Avenue  and  91st  Street,  were  not  cases  of  "skele- 
ton" construction.  Here,  long  walls,  still  green,  unbuttressed  and 
unsuj)ported  from  end  to  end,  failed,  because  the  only  permanent  brac- 
ing intended,  viz.,  the  roof  purlins  and  jacks  had  not  been  placed  in 
position  at  the  time  of  failure. 


DISCUSSION   OX   TVIND   BRACING.  243 

Mr.  Buck. — I  think  that  the  question  of  bracing  of  high  buildings 
is  one  which  most  of  us  know  so  little  about  and  vet  wish  to  learn 
about,  that  we  would  prefer  to  ask  questions  about  it  rather  than  to 
answer  them. 

There  is  one  question  that  I  have  heard  frequently,  and  that  is, 
should  not  a  high  building  with  an  iron  frame,  covered  with  masonry 
walls  and  partitions,  be  provided  with  diagonal  sway  bracing  of  iron 
to  insui-e  its  stability?  My  answer  has  always  been  in  the  form  of  an 
opinion  substantially  as  follows:  TSTien  a  building  with  a  well-con- 
structed iron  frame  is  covered  with  well-built  masonry  walls  of  a 
thickness  sufficient  to  prevent  sudden  changes  of  temperature  affect- 
ing the  iron  frame,  and  the  i^roportion  of  window  space  compared  vrith. 
that  of  solid  wall  is  not  too  large,  I  see  no  advantage  that  would  be 
gained  by  the  iron  sway -bracing;  for  the  reason  that  the  rigidity  of 
the  walls  would  exceed  that  of  the  braced  frame  to  such  an  extent 
that,  were  the  building  to  sway  sufficiently  to  bring  the  iron  bracing 
into  effective  .service,  the  walls  would  have  become  damaged.  Con- 
sequently, it  appears  to  me  that  the  building  should  be  so  constructed 
as  to  make  the  stability  against  swaying  depend  entirely  upon  the 
masonry  or  else  upon  the  iron  alone. 

A  strong  iron  frame  of  columns  to  which  the  iron  floor-beams  are 
secured  by  projjer  joints,  with  masonry  walls  not  only  covering  the 
outer  sides  of  the  iron  members,  but  built  in  between  them  to  protect 
them  from  changes  of  temperature  and  keep  the  columns  straight, 
while  the  sj^aces  between  the  floor  beams  are  filled  with  masonry 
arches  or  hollow  brick  or  cement, — would  appear  to  j^ossess  all  the 
stability  required.  The  floors,  themselves,  are  sufficient  lateral 
bracing;  the  columns  secured  from  buckling  by  the  masonry  and  strut 
and  beam  connections  will  support  the  floors  and  their  live  loading. 
All  the  walls  and  i^artitions  have  to  do  is  to  bear  their  ovra  weight, 
and  i^revent  swaying  of  the  building.  They  should  be  capable  of 
doing  this  effectively. 

The  question  appears  to  be  more  applicable  to  the  enormously 
high  buildings  which  have  been  projected  in  some  cities  in  this 
country,  buildings  so  high  that  it  does  not  appear  possible  that  the 
masonry  walls,  after  considering  their  own  crushing  weight,  can  have 
much  efficiency  left  for  the  purpose  of  bracing  the  frame.  For  such  build- 
ings it  would  appear  best  to  use  the  metallic  sway-bracing  and  plenty 
of  it,  while. the  walls  should  be  made  of  lighter  material  and  merely 
serve  to  cover  the  iron  and  enclose  the  building. 

Mr.  Seamax. — I  think  the  wall  edge^visg  is  undoubtedly  the  stiffer. 
An  example  of  the  flexibility  of  iron  bracing  was  well  illustrated  in 
Philadelphia  several  years  ago.  A  tall  brick  building  which,  with  its 
wings,  formed  in  plan  a  [J,  was  seriously  injured  by  the  vibrations  of 
an  engine  at  the  top  of  one  of  the  wings.     The  wings  were  afterwards 
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most  thoroughly  braced  by  a  system  of  rods  and  struts  between  them. 
When  the  engines  were  again  started  however,  the  cracks  continued 
to  increase,  as  before,  and  the  engines  were  finally  abandoned. 

Another  instance  is  that  of  the  iron  coal-breakers  recently  con- 
structed by  E.  B.  Coxe,  M.  Am.  Soc.  C.  E.  These  breakers  are, 
necessarily,  high,  and  have  a  great  deal  of  machinery  near  the  top. 
The  vibrations  of  the  iron  building,  I  imderstand,  are  perceptibly 
greater  than  formerly  took  place  in  the  Avooden  structures,  though  in 
neither  case  has  it  been  a  source  of  inconvenience. 

Mr.  Just. — A  direct  comparison  such  as  Mr.  Buck  suggests  can 
hardly  be  made  in  this  city.  I  know  at  this  time  no  two  buildings  of 
similar  size  and  style,  the  one  designed  with,  the  other  without,  diago- 
nal rods  and  braces.  Large  gussets  at  the  intersections  have  generally 
been  used  to  secure  lateral  stiffness.  Doors,  windows  and  hallways 
as  a  rule  interfere  with  any  regular  system  of  bracing. 

Perhaps  the  best-constructed  building  of  this  class  in  this  city  is 
that  of  the  Lancashire  Fire  Insurance  Company  in  P^ne  Street,  de- 
signed by  L.  de  C.  Berg,  M.  Am.  Soc.  C.  E.  (J.  C.  Cady  &  Co., 
Architects).  Built  in  1889-90,  it  rises  in  ten  stories  120  feet  above  the 
curb,  with  a  frontage  of  about  24  feet.  The  side  walls  and  floors  are 
carried  by  wrought-iron  Z-columns,  12  feet  on  centers,  anchored  to 
the  foundation  by  rods  encased  in  lead  pipe.  At  three  different  levels 
in  the  height  of  the  building,  riveted  girders  are  placed  in  all  four  faces 
of  the  building,  well  connected  to  the  columns,  and  by  extra  large 
gussets  in  the  front  and  rear  walls.  He  also  introduced  at  these  levels 
over  the  floor  beams  diagonal  ties  of  flat  iron.  He  further  recognized 
the  force  of  the  wind  by  designing  his  columns  and  girders  in  each 
wall  to  carry  the  dead  loads,  and  an  additional  vertical  load  of  15 
pounds  in  lieii  of  wind  pressure  over  the  exposed  surface. 

The  architect  of  the  Havemeyer  building,  afc  Cortlandt  and  Dey 
Streets,  Mr.  George  B.  Post,  introduced  a  partial  system  of  sway  rods. 
The  building  covers  an  area  of  about  214  x  50  x  60  feet,  and  rises 
about  172  feet  above  the  curb.  Assuming  that  the  Dey  and  Cortlandt 
Street  fronts  were  braced  by  these  walls  and  the  center  of  the  building 
by  a  semi-circular  wall  or  rotunda,  built  out  from  the  rear  wall,  he 
provided,  at  two  intermediate  points  about  30  feet  from  each  end  of 
the  plot,  diagonal  round  rods  and  tvirnbuckles  between  the  two  col- 
umns nearest  the  front,  as  also  between  those  two  nearest  the  rear  of 
the  building,  forming  half-bents.  These  rods,  however,  needed  con- 
stant adjustment  during  construction,  since  the  outside  columns  built 
on  the  same  footings  as  the  outside  walls  sank  more  than  the  next 
columns  to  which  they  were  tied  by  the  rods  and  which  rested  on  iso- 
lated piers. 

While  perhaps  not  germane  to  the  subject,  it  may  be  interesting  to 
note  the  evolution  of  "skeleton"  building  in  the  metropolitan  dis- 


DISCUSSION   ON"   WIND   BRACING. 


245 


trict.  To  secure  the  greatest  amount  of  light  for  commercial  buildings, 
architects  were  first  induced  to  reduce  the  size  of  their  front  piers  by 
building  into  the  heart  of  the  same  a  line  of  columns  which  should 
sustain  directly  the  loads  of  the  floors,  and  then  by  cross-girders  con- 
necting the  columns,  the  weight  of  the  front  bays.  The  constantly 
increasing  value  of  land  next  led  to  higher  structures,  and  hence 
thicker  walls.  To  reduce  the  encroachment  of  the  latter  upon  the 
rentable  floor  siaace,  columns  vrith  "cui'tain"  walls  were  resorted  to. 
This  saving  led  to  the  adoption  of  a  skeleton  construction  in  the  case 
of  the  Tower  building  in  1888.  It  may  be  added  that  the  price  re- 
l^orted  ijaid  for  the  plot  of  the  Lancashire  building  was  S106  per 
square  foot.  This  new  construction  naturally  gave  rise  immediately  to 
discussion  on  related  questions,  such  as  the  effect  of  the  exjiansion  of 
the  metal  on  the  permanency  of  the  building,  and  the  relative  rate  of 
corrosion  in  cast-ii'on  columns  vs.  ^vTought  iron  and  steel. 

The  concentrated  loads  transmitted  by  the  columns  to  the  founda- 
tions in  this  system,  together  with  an  inability  to  extend  the  footings 
ujion  any  adjoining  projaerty  led  to  some  ingenious  devices  to  reduce 
the  consequent  eccentric  loading  and  to  distribute  the  weight  uni- 
formly over  the  same. 
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In  the  case  of  the  addition  to  the  Western  Union  building  on  Dey 
Street,  the  architect,  Mr.  H.  J.  Hardenbergh,  covered  his  floor  with 
rolled  beams,  and  across  the  same  at  certain  intervals  placed  riveted 
girders  of  a  depth  equal  to  that  of  the  cellar  story  (Fig.  2).  To  ac- 
complish the  same  end  in  the  Hays  building  in  Maiden  Lane  a  cast 
shoe  over  the  pier  with  cantilever  beams  in  the  floors,  carrying  the 
Avail  columns  on  the  short  arm,  was  resorted  to  (Fig.  3). 

It  must  be  noted  that  the  engineer  or  architect  is  often  hami3ered 
in  his  design  by  the  "laws  relating  to  buildings  " — generally  bad,  and 
compiled  without  the  aid  of  engineers — that  may  be  in  force  at  given 
times  in  all  large  cities. 
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Thus  the  Building  Law  for  New  York  before  its  amendment  in 
April  of  this  year  did  not  countenance  the  erection  of  skeleton  struct- 
ures. A  special  application  to  a  "Board  of  Examiners  "  might,  how- 
ever, secure  the  privilege.  In  the  beginning  such  privilege  allowed 
the  u.se  of  12-inch  curtain  walls  throughout  the  entii'e  height.  Later 
on,  12-inch,  16-inch  and  20-inch  walls  were  required.  The  law  as  now 
amended  demands  a  12-inch  wall  for  50  feet  from  the  top  and  for  each 
succeeding  50  feet  a  wall  4  inches  thicker,  so  that  a  building  200  feet 
above  the  curb  must  have  24-inch  walls  at  this  level.  Of  course,  this 
neAv  requirement  destroys  in  a  measure  the  value  of  skeleton  work  for 
narrow  lots.  The  amended  law  requires  also  that  girders  carrying 
curtain  walls  only  12  inches  thick  shall  be  placed  at  each  floor  level. 
When  16  inches  thick  they  can  be  placed  at  every  other  story  level, 
and  when  20  inches  thick  the  floor  beams  can  rest  directly  on  the  walls, 
but  at  each  story  level  where  no  girders  exist  a  line  of  "ties  "  must  be 
built  "  horizontally  "  into  the  wall. 
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Under  the  law  buildings  can  be  erected  either  with  walls  of  "  lawful 
thickness,"  of  "curtain  walls"  as  above,  or  with  "non-bearing  "  walls 
which  can  be  4  inches  less  in  thickness  than  the  "lawful  thickness," 
in  which  case  the  walls  are  carried  uji  alongside  the  interior  iron  con- 
struction, being  simply  anchored  to  the  same,  and  of  which  style  the 
World  building  is  an  example. 

After  these  excerpts  from  the  law,  it  should  be  unnecessary  to  urge 
the  professional  engineer  to  take  a  more  active  interest  in  legislation, 
pending  at  any  time,  on  matters  which  concern  him  so  closely. 

In  the  earlier  skeleton  buildings  the  frame  was  not  carried  to  the 
roof.  The  only  motive  for  adopting  this  style  was  a  saving  of  floor 
space,  so  that  Avhen  a  height  was  reached  at  which  the  law  specified 
walls  12  or  16  inches  in  thickness,  a  girder  was  i^laced  over  the  top  of 
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the   columns.     The  walls  were  continued  over  this  girder,   the   floor 
beams  resting  in  the  walls,  just  as  in  a  building  standing  directly  from 
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solid  foundations.     The  Jackson  building,  with  28  feet  6  inches  front 
on  "Union  Square,  is  an  example.     Carried  on  cast-iron  columns  placed 
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15  feet  on  centers,  with  cross  girders  of  20-incli  rolled  beams,  and  10- 
inch  longitudinal  floor  beams,  the 
frame  rises  to  the  toj?  of  the  sixth 
story.  Here,  a  girder  forms  the 
foundation  for  a  sui^erstructnre  of 
brick  20  inches  thick  for  two,  and 

16  inches  thick  for  three  additional 
stories,  a  total  of  154  feet  above 
the  curb.  The  wall  surface  here 
exposed  is  184  x  61  feet  in  height. 
Figs.  4  and  5  indicate  the  advan- 
tage that  still  maintains  in  "com- 
mercial "  buildings  under  the  new 
law.  They  show  the  required  thick- 
ness of  brick  walls  for  a  skeleton 
building,  and  for  one  of  "regu- 
lation" thickness,  200  feet  high 
above  the  curb. 

Let  us  take  a  typical  "skele- 
ton "  building,  25  feet  front,  with 
12  stories  above  the  curb,  each  of 
12  feet,  and  a  basement  and  cellar, 
in  which  the  wall  columns  stand 
opposite  each  other,  and  are  sjjaced 
12  feet  on  centers  in  plan.  Assum- 
ing that  the  length  of  the  building 
affords  sufficient  stiffness  in  that 
direction,  and  that  the  same  is  to  be 
secured  only  against  yielding  side- 
ways, we  could,  apart  from  archi- 
tectural considerations,  place  di- 
agonal members  through  each 
story,  as  in  Fig.  6,  utilizing  the 
cross-floor  girders  as  posts  (or 
ties),  and  the  wall  columns  as 
chords. 

If  each  truss  so  formed  be  now 
siTbjected  to  a  wind  pressure  of  40 
pounds  i^er  square  foot  of  exposed 
surface,  we  should  have  panel 
loads  of  5  760  pounds,  shear  of, 
say,  38  net  tons  in  the  cellar  diag- 
onal, a  tension  of  about  146  net 
tons  at  the  foundation  of  the  windward  side,  and  a  compression  of 
nearly   130  net   tons   on  the  leeward.      The  columns  and  girders  in 
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this  side  should  then  be  proportioned  for  this  additional  compres- 
sion, and  the  cross-floor  girders  of  the  lower  tiers  for  35  tons  (the 
upper  ones  proi^ortionallv  less),  tension  or  compression,  depending 
on  the  direction  of  the  wind.  All  connections  would  have  to  be  de- 
signed accordingly,  while  the  floors  would  give  the  necessary  "side- 
ways "  strength  needed  in  the  wall  girders.  With  an  assumed  load  of 
only  30  pounds,  these  forces  would,  of  course,  be  reduced  by  25  per 
cent. ;  and  with  a  building  120  feet  deep,  requiring  eleven  such  trusses, 
the  lesser  load  would  efiect  a  considerable  economy  in  the  cost  of  the 
building. 

The  dead  weight  (consisting  of  iron-work,  brick  walls,  as  per  the 
New  York  law,  floors  made  as  usual  of  hollow  flat  arches,  filling  and 
wood  flooring,  together  with  plastered  ceilings  and  walls)  on  any 
one  foundation  is  about  440  000  pounds  (for  iron-work  only  and  walls 
12  inches  thick  throughout,  this  becomes  322  000  i^ounds).  The  ten- 
sion at  the  bottom  of  the  windward  side  is  thus  seen  to  be  overcome 
by  the  dead  weight,  with  a  sufficient  margin  of  safety,  even  for  a  build- 
ing in  which  the  floor  filling,  partitions  and  ijlastering  remain  to  be 
done;  and  anchorage  becomes  unnecessary. 

After  all,  it  seems  that  in  narrow,  clear  span  buildings,  especially 
with  the  heavier  fire-walls  now  demanded,  rigid  connections  to  the 
columns  at  all  floor  levels,  with  girders  and  columns  designed  to  stand 
an  additional  vertical  load,  equivalent  to  a  given  wind  pressure  over 
the  exposed  wall,  forms  a  good  solution  of  the  problem.  It  will  gener- 
ally be  found  that  the  moment  of  the  wind  acting  through  the  center 
of  pressure,  is  exceeded  by  the  moment  of  the  dead  weight. 

Hexky  H.  QijiiiBY,  M.  Am.  Soc.  C.  E.^ — The  forces  which  towering 
buildings  must  be  braced  to  resist  are  so  erratic  and  afi'ord  such 
limited  facilities  for  investigation,  that  we  find  acknowledged  masters 
of  the  science  of  structural  design  difi'ering  widely  in  their  views  of 
them,  and  displaying  their  peculiarities  of  judgment  in  their  pro- 
fessional practice.  Probably  in  no  other  department  of  engineering  is 
there  such  a  woful  lack  of  scientific  agreement.  The  exigencies  of 
business  make  economy  a  requisite  in  a  design  only  second  in  import- 
ance to  that  of  safety;  but  in  designing  large  and  important  buildings, 
architects  are  not  driven  to  the  last  notch  of  their  judgment  and  con- 
science, as  competition  often  drives  bridge  builders,  and  they  should 
not,  without  good  reason,  take  the  risk  of  omitting  efficient  wind 
bracing. 

A  certain  foreign  engineer,  in  commenting  on  the  boldness  of  some 
Americans  in  the  construction  of  jjublic  works,  said  that  our  char- 
acteristic reflection  seems  to  be,  "Well,  let  us  try  it."  Probably  this 
correctly  rei^resents  the  disposition  of  some  who  are  waiting  for  a  dis- 
aster to  occur  to  justify  advanced  methods,  as  the  Tay  Bridge  failure 
did  in  England. 
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The  subject  treated  of  here  in  its  api^lication  to  very  high  buildings 
is,  as  President  Cohen  remarks,  comparatively  new,  and  we  must  base 
our  judgment  of  possibilities  on  the  observed  effects  of  natural  forces 
on  lower  and  differently  constructed  buildings.  We  do  know  of  winds 
that  have  literally  and  absolutely  swept  everything  before  them,  and 
left  no  measure  of  their  intensity.  We  know  that  several  so-called 
tornadoes  have  traversed  our  eastern  cities  and  blown  down  compara- 
tively low  and  large  masonry  buildings,  and  we  know  also  that  no 
community  can  claim  to  be  exemjot  from  the  danger  of  them.  The 
fact  that  they  occur  at  intervals  of  perhaps  years,  and  are  of  short 
duration  and  have  narrow  paths,  minimizes  the  chances  of  getting 
reliable  observations,  but  do  not  justify  ignoring  them ;  and  it  is  the 
duty  of  the  architect  or  engineer  to  decide  what  prudence  requires 
shall  be  provided  for. 

This  paper  suggests  40  pounds  per  square  foot  of  exposed  surface  as 
an  assumed  load  to  secure  reasonable  provision  against  all  the  destruc- 
tive forces  referred  to — natural  and  artificial.  Mr.  Just  thinks  that 
30  pounds  is  a  safe  assumption.  Others,  who  don't  say  anything,  seem 
to  provide  for  much  less.  Thirty  pounds  may  be  safe,  and  40  j)ounds 
may  be  not  safe;  but  the  latter,  while  much  more  to  the  right  side,  can 
be  objected  to  only  in  the  line  of  economy,  and  the  addition  of  one- 
third  to  a  well-designed  system  of  diagonal  bracing,  and  one-ninth  to 
the  outer  columns,  will  be  a  small  joercentage  of  the  total  cost  of  a 
building  where  doubtless  large  sums  are  spent  for  decoration  alone. 

Mr.  Just's  plan  of  a  single  system  of  stiff  diagonals  is  good  and 
avoids  interference  with  passage  doors;  but  in  wider  buildings  it  in- 
volves troublesome  splices  at  intermediate  columns,  and  it  does  not 
admit  of  convenient  adjustment,  which  is  desirable  as  a  means  of 
plumbing  the  successive  tiers  of  columns  and  correcting  the  effect  of 
vineqiTal  settlement.  This  can  be  best  obtained  with  tension  members 
which  are  convenient  of  attachment,  though  not  always  most  econom- 
ical of  material.  The  lateral  stiffness  of  the  floors  makes  it  unnecessary 
to  have  bracing  in  every  bent,  and  permits  the  shift  of  bracing  to 
different  bents  in  different  stories  if  needed  for  architectural  pur- 
poses. 

But  Mr.  Just,  after  solving  this  problem  as  it  appeared  in  a  par- 
tially completed  building,  by  inserting  an  iron  vertical  wind  truss, 
concludes  his  discussion  with  the  opinion  that  the  solution  of  the  gen- 
eral problem  is  in  rigid  floor  connections  and  heavier  columns,  pre- 
sumably leaving  the  diagonal  stresses  to  be  cared  for  by  the  partitions. 
In  his  typical  building  (Fig.  6)  he  shows  a  diagonal  stress  in  the  first 
story  of  38.5  tons  i^roduced  by  a  wind  pressure  of  40  j)ounds.  A  pres- 
sure of  30  pounds,  which  he  advocates  as  proper  to  provide  for,  will 
develop  stress  amounting  to  29  tons.  Would  he  concentrate  such  a 
load  upon  a  hollow  brick  wall  with  a  total  net  thickness  of  2^  inches 
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or  less,  as  modern  fireproof  partitions  are  built  ?  Does  anybody  know 
how  much  such  a  wall  12  feet  high  can  safely  carry  ? 

In  the  seventeen-story  building  described  in  the  paper,  with  30 
pounds  wind  pressure,  the  shear  at  the  top  of  the  adjoining  six-story 
building  (a  support  that  may  sometime  be  removed)  is  39.5  tons  per 
panel  of  20  feet.  As  there  are  three  interior  rows  of  columns,  this  shear 
is  resisted  by  four  walls,  each  15  feet  wide  and  12  feet  high.  The 
diagonal  compression  in  each  is  therefore  13  tons,  all  of  which  is  as- 
sumed to  come  upon  the  partition  walls  because  of  the  flimsy  character 
of  the  column  connections  (Fig.  1  in  the  paper).  Thirteen  tons  make 
a  heavy  load  for  such  walls,  even  when  they  are  not,  as  many  of  these 
are,  weakened  for  diagonal  resistance  by  doorways  through  them. 

Rigid  floor  connections,  if  they  are  as  good  as  the  detail  shown  by 
Mr.  Milliken,  will,  with  the  ordinary  j)artitions,  furnish  sufiicient  stiff- 
ness for  buildings  having  a  good  breadth  proportionate  to  height,  and 
will  materially  assist  the  diagonal  braces  in  a  narrow,  high  structure. 
Mr.  Milliken's  claims  of  excellence  in  his  design  are  well  founded  if  the 
pintle  has  the  requisite  number  of  rivets;  but  it  can  scarcely  be 
expected  that  shoj)  work  will  be  so  accurate  that  the  rivet  holes  will 
bring  the  lines  of  columns  perfectly  i^lumb,  as  his  fourth  point  seems 
to  claim. 

The  consideration  of  earthquake  and  other  vibratory  forces  was 
presented,  not  with  a  view  of  fixing  definite  measures  of  force,  but  as 
affecting  the  wind-bracing  problem  in  the  direction  of  justifying  larger 
provision,  and  especially  as  a  means  of  showing  the  importance  of 
having  a  building  stiffened  by  something  of  more  positive  and  lasting 
strength  than  light  brick  masonry.  It  is  to  be  regretted  that  the  dis- 
cussion has  shed  no  light  on  the  value  of  the  hollow  tile  walls  which 
are  so  much  used  for  partitions  and  bracing;  but  it  has  brought  out 
illustrations  of  the  destructive  effect  of  vibrations  on  solid  walls,  and 
strengthened  the  jaosition  taken  in  the  paper,  that  hollow  tile  is  not 
the  most  efficient  bracing  for  buildings  subject  to  continued  vibration. 

Eej)lying  to  Mr.  Bogart,  the  steel  skeleton  type  of  building  is  new, 
and,  so  far  as  known,  not  one  has  yet  been  destroyed  by  wind;  but 
ordinary  buildings  have  been  blown  down  presumably  because  they 
were  not  properly  braced.  A  few  years  ago  a  three-story  factory  near 
[my  home  was  demolished — simply  pushed  over  without  evidence  of 
[cyclonic  action — in  a  severe  storm.  It  had  been  in  use  three  years 
Lwith  light  machinery.  The  walls  were  of  brick,  22  inches  thick  in  the 
I  first  story  and  18  inches  in  the  second  and  thii-d,  with  l-inch  pilasters 
levei;y  12  feet.  More  than  half  of  the  wall  space  was  taken  up  with 
irindows.  The  building  was  260  feet  long,  52  feet  wide,  and  48  feet 
ligh,  and  a  7-foot  lantern-top  crowned  the  roof.  In  the  middle,  at 
[one  side,  was  a  stair  tower  about  12  feet  square,  and  between  it  and 
'  each  end  were  closet  bays  projecting  4:j  feet.    These  bays  and  the  tower 
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remained  standing,  but  the  remainder  of  the  building  was  leveled  to 
the  sills  of  the  first-story  windows.  The  second  and  third  floors  were 
supported  by  one  row  of  wooden  i^osts  12  feet  apart,  but  there  were  no 
knees  or  partitions  anywhere.  Apparently,  good  bracing  would  have 
saved  the  building  and  prevented  the  loss  of  twenty  lives. 

The  peculiar  action  of  wind  currents  observed  by  Messrs.  Dunham 
and  Harris  confirms  the  theory  advanced  in  the  paper  that  wind 
accumulates  intensity  by  being  deflected. 

The  efficient  system  of  bracing  in  an  eight-story  building  described 
by  Mr.  Snow,  is  interesting  in  comparison  with  the  plan  of  the  seven- 
teen-story building  referred  to  in  the  paper,  and  shows  that  the  sub- 
ject has  already  received  advanced  treatment. 

In  a  field  of  so  much  uncertainty,  increased  provision  is  in  the 
nature  of  insurance,  and,  like  fire  insurance  paid  on  a  combustible 
structure  that  is  never  damaged  by  fire,  should  not  be  regarded  as 
wasted,  but  as  returned  in  the  shape  of  protection. 
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RAINFALL,  FLOW  OF  STREAMS,  AND  STORAGE. 


By  Desmond  FitzGeeald,  M.  Am.  Soc.  C.  E. 
Read  June  8th,  1892. 


WITH  DISCUSSION. 

The  accompanying  tables  were  prepared  during  the  summer  of  1891, 
for  the  purpose  of  calculating  the  yield  of  drainage  areas  with  varying 
proportions  of  land  and  water  surface.  The  results  contained  in  this 
paper  are  intended  for  use  in  Massachusetts.  They  may,  perhaps,  be 
found  applicable  to  a  very  much  larger  area. 

Rainfall. — There  is  hardly  any  phenomenon  about  which  so  many  mis- 
statements are  commonly  made  as  that  of  rainfall.  Either,  "the  cutting 
down  of  the  forests  is  fast  diminishing  the  annual  precipitation  "  or 
else  the  latter  is  "  increasing  rapidly  from  turning  up  of  the  ground, " 
and  other  causes.  "  There  are  no  longer  such  snow  storms  as  we  used  to 
have."  "  The  rains  come  now  altogether  in  the  spring."  "'Freshets' 
and  '  droughts'  alike  come  from  great  changes  in  the  rainfall."  These 
and  a  multitude  of  other  fallacies  are  constantly  met  with.  As  a 
matter  of  fact,  the  annual  rainfall  is  such  a  varying  quantity  that  it  is 
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extremely  difficult  to  lay  down  general  laws  in  regard  to  certain  of£its 
phases,  even  with  the  aid  of  a  good  rainfall  table. 

Again,  the  observations  themselves  are  frequently  inaccurate,  as  can 
sometimes  be  told  at  a  glance.  The  earlier  results  were  generally  too 
small,  because  the  gauges  were  placed  too  high  and  less  care  was  exer- 
cised to  measure  all  the  small  showers  and  the  snow.  Too  often  the 
tables  issued  from  official  sources  and  stamped  with  the  approval  of 
the  Government  are  open  to  this  criticism.*  The  periods  also  are  gen- 
erally too  short  to  build  safe  theories  upon;  and,  lastly,  self-interest 
connected  with  important  commercial  enterprises  leads  to  false  state- 
ments. 

Table  No.  1  contains  a  compilation  of  seventy-four  years  of  rainfall, 
by  months,  in  the  vicinity  of  Boston,  and  is  now  first  made  public. 
Another  table,  not  here  published,  contains  a  record  of  rainfall  observa- 
tions 1852-91,  made  at  Lake  Cochituate,  aboiit  15  miles  from  Boston, 
and  Table  No.  2  gives  the  rainfall  on  the  Sudbury  Kiver  water-shed 
from  1875-90  inclusive. 

Yearly  Means. — The  yearly  means  from  these  tables  are  as  follows: 

Boston,  seventy-four  years 47.00  inches. 

Cochituate,  forty  years 47. 98       " 

Sudbury,  sixteen  years 45.80       " 

An  examination  of  the  yearly  fluctuations  from  these  means,  taken 
in  connection  with  the  methods  of  making  the  observations,  does 
not  disclose  any  definite  law  of  increase  or  decrease.  If  there  is  a 
secular  change,  it  is  probably  too  slight  to  be  observed  in  a  century, 
especially  where  the  observations  are  not  all  taken  under  exactly  the 
same  conditions  and  those  conditions  such  as  experience  has  shown  to 
be  necessary.  The  Providence  and  Lowell  records  make  the  average 
for  the  year  about  45  inches. 

As  there  is  a  liability  to  underestimate  rather  than  to  overestimate 
the  rainfall,!  the  writer  assumes  that  a  general  average  for  Boston 
cannot  be  far  from  48  inches,  or  4  inches  per  month.  * 

Maximum  and  Minimum  Rainfall.  —  The  largest  annual  rainfall  re- 
corded in  Table  No.  1  occurred  in  1863,  67. 72  inches,  and  the  smallest 
in  1822,  27.20  inches.     If  these  figures  are  correct,  they  show  how  great 

*  The  Signal  Seivice  observations  of  laiufall  made  on  the  tops  of  high  buildings  are 
uutrnstwoi'thy, 

t. Largely  from  placing  the  gauge  too  high  above  the  surface  of  the  ground. 
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the  range  is.  They  cannot  be  far  from  the  truth,  because  in  1883  the 
record  of  32. 78  inches  on  the  Sndbury  is  corroborated  by  the  record  of 
.many  gauges,  and  the  rainfall  tables  of  Lowell,  Providence,  Walthani 
and  other  places  all  point  to  a  minimum  of  about  30  inches.  The 
writer  has  ascertained  by  an  examination  of  the  original  records  that 
the  rainfall  recorded  at  Waltham,  of  26.9  inches,  in  1846,  included  ten 
months  only,  and  that  the  record  at  Lowell  of  28.46  inches  in  1825 
contained  nine  months  only.  Such  facts  as  these  are  sufficient  to 
make  us  exceedingly  cautious  in  regard  to  records.  In  a  general  way 
it  is  safe  to  say  that  the  yearly  rainfall  varies  from  30  to  60  inches. 
The  minimum  monthly  rainfall  was  0. 23  inches  in  September,  1884,  and 
the  maximum  properly  recorded  in  any  one  month  is  jn'obably  not  far 
from  12  inches. 

Monthly  Means. — The  following  table  shows  the  monthly  means: 


JaDTiary... 
February . . 

March 

April 

May 

June 

July 

August 

September 

October 

November 
December. 


Boston,  1818-91. 


3.98 
:i.78 

4. OH 
3.79 
3.27 
3.71 
4.39 
3.55 
3.84 
4.31 
3.96 


47.00 


COCHITUATE. 

1852-91. 


3.88 
3.62 
4.25 
3.97 
3.87 
3.31 
4.23 
4.94 
3.59 
4.29 
4.44 
3.59 


SUDBUKY,  1875-90. 


4.18 
4.06 
4.58 
3.32 
3.20 
2.99 
3.78 
4.23 
3.23 
4.41 
4.11 
3.71 


45.80 


I 


The  i^rogress  of  the  monthly  fluctuations  can  be  seen  in  the  diagram 
on  the  following  page  (Fig.  1). 

There  is  a  strong  similarity  in  the  profiles,  too  decided  to  be  the 
subject  of  chance.  The  Providence  rainfall  (1832-91)  has  been  added 
in  a  series  of  small  circles.*  They  correspond  to  the  general  form  of 
the  other  lines. 

Whatever  doubt  we  may  have  in  regard  to  individual  observations, 
the  general  accuracy  of  the  average  monthly  distribution  must  be  con- 
ceded. Longer  observations  may  change  the  maximum  and  minimum 
points,  but  the  present  weight  of  evidence  seems  to  favor  March, 
August  and  November  for  maxima,  and  June  and  September  for  minima. 

*  The  Providence  rain  gauge  previous  to  1876  was  7  feet  above  the  ground,  and  must 
have  given  too  small  a  result. 
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Seasonal  Distribution. — The  seasonal  distribution  is  as  follows: 


Boston. 

COCHITUATE. 

Sttdbuky. 

12.21 
11.37 
11.70 
11.72 

12.09 
12.49 
12.31 
11.09 

11.10 

11.00 

11.75 

11.95 

From  these  figures  it  is  obvious  that  the  rainfall  is  evenly  dis- 
tributed through  the  seasons  of  the  year. 

Evaporation. — The  total  flow  of  a  stream  must  equal  the  rainfall, 
less  the  evaporation  and  other  losses.  As  the  latter  are  generally  insig- 
nificant, the  diff'erence  between  the  rainfall  and  the  rainfall  collected, 
is  the  total  evaporation  from  the  water-shed  supplying  the  stream. 
The  average  of  a  number  of  years  shows  us  that  from  45  to  50  per  cent, 
of  the  rainfall  flows  away  in  the  stream;  and  if  the  average  rainfall  is 
48  inches,  then  about  24  inches  are  evaporated  yearly  from  the  ground 
and  other  surfaces  ordinarily  found  on  a  water-shed.  The  evapora- 
tion from  a  water  surface  is  greater  than  that  from  the  ground.  Table 
No.  5  is  an  attempt  to  represent  the  monthly  evaporation  from  a  water 
surface  during  the  period  embraced  in  the  other  tables.  The  data 
upon  which  the  table  is  founded  are  taken  from  a  paper  on  "  Evapora- 
tion," published  in  the  Transactions  of  this  Society  in  1886  (Vol.  XV, 
p.  581),  but  some  observations  made  since  the  pajjer  was  published 
have  been  added.  It  appears  from  the  table  that  the  mean  evaporation 
from  a  water  surface  in  Boston  is  39.2  inches,  or  about  82  per  cent,  of 
the  mean  rainfall,  although  it  must  be  remembered  that  there  is  no 
connection  between  rainfall  and  evaporation.  The  diagram  on  page 
258  (Fig.  2)  is  a  new  diagram  of  mean  evaporation,  which  contains 
additional  data  on  that  already  published. 

Description  of  Water-Sheds. — The  topographical  map  (Plate  XLV) 
accompanying  this  paper  gives  an  idea  of  the  nature  of  the  Sudbury 
and  Cochituate  water-sheds,  but  a  few  words  of  description  seem 
necessary. 

The  Sudbury  Kiver  water-shed  has  an  area  of  75.199  square  miles; 
the  Mystic,  26.9  square  miles;  and  the  Cochituate,  18.87  square  miles. 
They  together  form  the  sources  of  Boston's  water  supj)ly.  The 
Sudbury  is  hilly,  "vvith  steep  slopes.  There  are,  however,  some 
large  swamjjs  within  its  borders.     The  Cochituate,  although  adjoining 
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the  Stidbiiry,  is  entirely  dissimilar.  The  slopes  are  flat  and  sandy. 
Its  surface  is  mostly  modified  drift,  while  the  Sudbury  is  largely  com- 
posed of  unmodified  drift.  The  Mystic  water-shed  lies  to  the  north  of 
Boston,  and  about  30  miles  distant  from  the  other  two  sources  which 
are  to  the  west  of  the  city.  Its  surface  is  steejjer  than  the  Cochituate, 
and  not  as  steep  as  the  Sudbury. 


WEAN  .MONTHLY^ EVAPORATION  CURVE. 


Fig.  2. 

Flow  of  Streams. — However  iiniformly  the  rainfall  is  distributed,  on 
the  average,  throughout  the  year,  the  efi"ect  of  the  excessive  evapora- 
tion during  the  summer  and  of  the  frozen  ground  with  accumulations 
of  snow  from  month  to  month  in  the  winter,  is  to  produce  a  most 
irregular  flow  in  the  streams.  During  seven  months  of  the  year,  from 
November  to  May  inclusive,  the  streams  have  a  large  flow,  and  during 
five  months,  from  June  to  October,  a  small  flow  ;  but  it  is  in  February, 
March  and  April  that  we  must  look  for  the  very  large  yields. 

Table  No.  15  contains  the  yields  of  the  three  water-sheds  for  various 
jDcriods  and  combined  in  several  ways.  The  results  are  different  in 
some  particulars,  but  in  general  agree  sufficiently  well  to  form  the  basis 
for  an  instructive  investigation.  The  widest  variation  that  is  found  in 
the  tables,  exists  between  the  Sudbury  and  Cochituate  collections.  On 
the  average,  the  latter  collects  12  per  cent,  less  water  than  the  Sudbury. 
It  is  probably  true  that  the  Sudbiiry  water-shed  gives  a  somewhat 
larger  yield  than  the  average  water-shed.  It  collects  much  more  in 
the  spring  than  the  other  two  water-sheds,  and  rather  less  in  the 
summer.     It  is  impossible  in  the  limits  of  this  paper  to  go  into  an 
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extended  discussion  of  the  causes  leading  to  these  differences  in  collec- 
tion, but  the  writer  has  thought  that  a  better  average,  or  typical  col- 
lection, would  be  obtained  by  uniting  the  results  of  all  three. 

Monthly  Yield. — In  the  diagram  on  page  260  (Fig.  3j  the  average 
monthly  yields  of  the  three  water-sheds  have  been  plotted  for  the 
jjeriod  1878-90,  inclusive.  The  heavy  line  is  a  mean  of  the  three,  and 
for  convenience  the  values  are  here  repeated  with  their  equivalents  in 
cubic  feet  j^er  second. 
Yield  of  a  Typical  New  EngijAnd  Watee-Shed  pee  Squaee  IMtle. 


Gaixoss. 

Cubic  Feet  per  Second. 

January 

37  387  000 
55  056  000 
71  226  000 
49  107  000 
30  406  000 
14  975  000 
7  491  000 
11  399  000 
10  242  000 
16  797  000 
24  787  000 
34  128  000 

1.866 

3.042 

March 

April 

2.533 

May 

1.518 

June 

0.772 

July 

0.374 

August 

0.569 

September 

0.528 

October 

0.838 

1.278 

December 

1.703 

Total  and  Mean 

363  001  000 

1.539 

It   will  be  convenient  for  many  purposes,  especially  where   ques- 
tions  connected   with  the  use   of  water  for  purj^oses  of   power   are 
concerned,  to  use  these  monthly  results  in  the  order  of  their  magnitude 
as  follows: 
Average  Moxthxy  Yield  pee  Square  Mile  ix  Order  of  Magntttde. 

Cubic  Feet  per  Second. 

July 0.374 

September 0 .  528 

August 0 .  569 

June 0 .  772 

October 0.838 

November 1 .  278 

May 1 .  518 

December 1 .  703 

Januaiy 1 .  866 

April 2.533 

February 3.042 

March 3 .555 

Mean ,. . .     1.539 

Fig.  4  contains  the  above  quantities  in  graphical  form. 
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The  average  yield  of  the  Sudbury  River  water-shed  alone  for  sixteen 
years  is  1 .  669  cubic  feet  i^er  second,  which  corresi^onds  very  closely 
to  the  Croton  water-shed  mean  of  1 .  626. 

The  month  of  May  represents  the  mean  monthly  flow  for  the  entire 
year. 

Ordinary  Flow  of  a  Stream. — The  ordinary  flow  of  a  stream  certainly 
does  not  mean  the  average  flow,  for  one  or  two  heavy  freshets  occurring 
in  a  few  days  in  the  sj)ring  of  the  year  have  a  great  influence  on  the 
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Fig.  4. 

average  without  affecting  in  any  way  the  ordinary  run  of  water. 
The  large  flows  above  the  average,  occurring  at  the  summit  of  the 
diagi'am  (Fig.  4),  in  the  months  of  February,  March  and  April, 
should  evidently  be  excluded.  The  flow  in  July  is  too  insignificant 
to  be  considered.  If  we  take  the  months  above  the  average,  at  the 
average  rate,  and  add  to  these  the  months  below  the  average,  excluding 
the  month  at  the  bottom  of  the  list,  and  divide  by  the  whole  year 
we  shall,  in  the  opinion  of  the  writer,  get  a  fair  ordinary  flow  of  the 
stream. 
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Applying  tliis  rule  to  the  results  already  obtained  we  have  : 

Gallons. 

September 10  242  000 

August 11  399  000 

June 14  975  000 

October 16  797  000 

November 24  787  000 

May 30  406  000 

rive  months  of  mean  flow,  149  178  000 

257  784  000  -^  365  =  706  000  gallons  per  day, 
or  about  1.1  cubic  feet  per  second  per  square  mile. 

Maximum  Yield. — On  the  average,  March  is  the  month  of  maximum 
yield  and  its  flow  is  about  two  and  one-third  times  the  mean  monthly 
flow  and  about  one-fifth  the  entire  flow  for  the  year.  In  March,  1877, 
the  Sudbury  water-shed  (Table  No.  8)  yielded  149  222  000  gallons  per 
square  mile,  or  7.448  cubic  feet  per  second  per  square  mile  ;  about 
one  hundred  times  the  minimum  monthly  yield.  This  flow  averaged 
4  807  000  gallons  daily  per  square  mile  for  thirty-one  days.  It  is  the 
largest  flow  recorded  for  a  month  in  the  sixteen  years. 

Freshets. — The  greatest  freshet  occurring  on  the  Sudbury  water-shed 
took  place  February  10th-13th,  1886,  and  a  full  description  of  its  effects 
can  be  found  in  the  Transactions  of  the  Society  for  September,  1891. 
The  maximum  yield  for  twenty-four  hours  was  equal  to  1.54  inches  in 
depth  upon  the  surface,  or  26  763  260  gallons  per  square  mile,  or  41.4 
cubic  feet  jier  second  per  square  mile;  and  the  maximum  rate  of  yield 
was  equal  to  1.646  in  de^ith  on  the  water-shed  in  twenty-four  hours,  or 
44.2  cubic  feet  per  second  per  square  mile.  On  March  26th,  1876,  a 
freshet  giving  nearly  the  same  yield  occurred,  so  that  it  is  not  probable 
that  this  amount  of  rainfall  collected  in  twenty-four  hours  is  very 
unusual. 

Gaugings  on  a  small  affluent  of  the  Sudbury, -embracing  6.434 
square  miles  of  surface,  showed  a  similar  flow  per  square  mile  to  that 
in  the  main  stream.  The  maximum  rate  for  twenty-four  hours  in  the 
small  affluent  was  equal  to  1.801  inches  of  depth  on  its  drainage  area. 
Although  these  freshets  were  considered  very  disastrous  in  Massachu- 
setts, they  cannot  be  considered  large  when  compared  with  what  has 
been  observed  in  neighboring  water-sheds.     Freshets  of  3  and  4  inches 
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collected  in  twenty-four  hours  are  within  the  experience  of  many 
hydraiTlic  engineers,  and  it  certainly  would  not  be  safe  in  designing 
dams  to  i^rovide  for  less  than  6  inches  collected  in  twenty-four  hours 
and  flowing  continuously,  or  104  272  440  gallons  per  square  mile  per 
twenty-four  hours,  or  161.3  cubic  feet  per  second.  These  remarks  are 
of  course  applicable  only  to  an  ordinary  New  England  w^ater-shed  not 
covered  with  houses  and  streets.  The  water-works  engineer  w-ho  is 
constantly  designing  waste  weirs,  dams,  reservoirs,  etc.,  may  find  it 
convenient  to  bear  in  mind  that  one  square  mile  of  land  surface  yields 
approximately  1.5  cubic  feet  per  second  throughout  the  year  and  that 
the  maximum  freshet  flow  may  be  one  hundred  times  this  amount  or  150 
cubic  feet  j)er  second.  In  millions  of  gallons  these  become  one  million 
and  one  hundred  millions  respectively. 

Minimum  Yield. — The  minimum  daily  yield  of  a  stream  is  a  dangerous 
subject  for  figures.  There  are  so  many  conditions  tending  to  affect  the 
daily  flow,  even  on  the  average  water-shed,  that  it  may  often  be  some- 
thing that  man  controls  by  his  use  of  mill  dams,  storage  basins,  etc. 
Taking  a  period  of  a  month,  the  Sudbury  has  shown  in  September,  1884 
(Table  No.  8),  a  yield  as  small  as  1  318  000  gallons  per  square  mile, 
or  43  930  gallons  daily  per  square  mile,  equivalent  to  0.068  cubic  feet 
per  second  per  square  mile.  The  water  surface  during  this  month  was 
0.0303  of  the  total  area. 

Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  reported  to  this  Society  in 
July,  1881,*  that  the  Connecticut  River,  wdth  3  287  square  miles  of 
drainage  area,  had  discharged  as  low  as  0.306  of  a  cubic  foot  per  second 
per  square  mile.  Other  large  rivers  in  the  country  have  shown  a  lower 
yield  than  this. 

The  discharge  of  a  small  water-shed,  say,  2  or  3  square  miles  in  area, 
in  a  protracted  drought  may  be  practically  nothing.  The  geological 
formations  on  a  water-shed  have  an  important  bearing  on  the  minimum 
yield.  If  there  are  large  plains  of  loose  gravel  or  sand  which  hold 
water,  and  whose  water  tables  are  drawn  down  in  the  summer,  the 
minimum  flow  is  larger  than  where  the  same  areas  are  occupied  by 
unmodified  drift. 

Average  Daily  Yield. — It  is  api^arent  from  an  inspection  of  the  tables 
that  the  average  daily  yield  per  square  mile  of  an  average  water-shed  is 
about  1  000  000  gallons,  or  1.5472  cubic  feet  per  second. 

*  Vol.  X,  Transactions,  page  238. 
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Percentages  of  Rainfall  Golleded. — Percentages  are  almost  as  danger- 
ous to  deal  with,  as  the  minimum  flow.  In  many  ways  percentages  are 
instructive.  They  bring  home  forcibly  to  the  mind  the  relation  existing 
between  the  rainfall  and  the  flow  in  the  streams  at  different  seasons  of 
the  year,  but  their  results  must  be  interpreted  with  a  knowledge  of  the 
prevailing  conditions. 

Table  No.  4  contains  the  monthly  percentages  of  rainfall  collected 
on  the  Sudbury  for  sixteen  years.  To  the  general  monthly  averages 
of  this  table,  the  monthly  averages  in  the  Cochituate  water-shed  from 
1863-91,  inclusive,  have  been  added  in  the  following  table  for  puri^oses 
of  comparison. 

Mean   PeBCENTAGES    of   RAINFALIi   CoiiLECTED. 


Sudbury,  1875-90. 


Cochituate,  1863-91. 


January 

February  

March 

April 

May 

Juue 

July 

August 

September 

October 

November 

December 

Mean 


Per  Cent. 

49.1 

78.2 
109.6 
11)9.1 

62.3 

29.1 
8.9 

13.0 

14.2 

23.1 

39.5 

52.5 


Per  Cent. 
53.1 
71.9 
84.6 
83.8 
47.9 
27.9 
13.1 
17.7 
23.5 
23.6 
34.(1 
49.9 


The  percentages  exceeding  100  are  caused  by  accumulations  of  rain- 
fall, generally  in  the  form  of  snow,  from  one  month  to  another,  passing 
off  finally  in  a  different  month  from  that  in  which  it  fell.  In  consider- 
ing monthly  collections,  it  must  not  be  forgotten  that  the  amount  of 
rain  falling  in  the  previous  month  has  a  large  influence  on  the  col- 
lections of  the  mouth  following,  especially  in  porous  water-sheds.  A 
knowledge  of  this  fact  will  often  explain  what  seem  to  be  anomalous 
results. 

The  yearly  percentages  of  rainfall  collected  on  the  Sudbury  have 
varied  from  31. 9  per  cent,  in  1880  to  62. 2  in  1888,  and  on  the  Cochituate 
from  25. 7  per  cent,  in  1866  to  69. 1  per  cent,  in  1891.  The  mean  for  six- 
teen years  on  the  Sudbury  is  49.5  per  cent.,  and  for  twenty-nine  years 
on  the  Cochituate  43.8  per  cent.     The  percentages  depend  upon  the 
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distribution  of  tlie  rainfall  throughout  the  year.  A  heavy  summer 
rainfall  and  a  light  winter  rainfall  mean  a  small  jjercentage  of  collec- 
tion, and,  conversely,  a  light  summer  and  a  heavy  winter  rainfall  mean 
a  large  percentage  of  collection,  so  that  the  total  rainfall  for  the  year 
is  but  a  partial  index  to  the  yield  of  a  water-shed. 

If,  on  the  average,  11  per  cent,  only  of  the  rainfall  in  July  is  collected, 
it  becomes  evident  that  the  amount  of  the  rainfall  in  that  month,  speak- 
ing within  ordinary  limits,  is  of  but  little  consequence  for  most  pur- 
poses connected  with  water  supply;  and,  still  further,  it  may  be  said 
that  for  systems  which  dejiend  upon  storage,  it  is  not  the  summer 
droughts  which  are  to  be  dreaded,  but  the  winter  and  s^jring  droughts; 
for  it  is  the  flow  in  these  months  ui^on  which  we  dei^end  to  fill  the 
reservoirs.  In  July,  1876,  the  percentage  of  rainfall  on  the  Sudbury 
fell  to  3.6. 

Storage. — Owing  to  the  great  variations  in  flow,  as  already  shown, 
the  question  of  storage  becomes  of  great  importance  in  schemes  which 
look  to  developments  of  available  supplies  from  water-sheds.  In  a 
rei^ort  made  by  the  writer  in  1887  on  ' '  The  Available  Capacity  of  the 
Sudbury  Kiver  and  Lake  Cochituate  Water-Shed  in  Time  of  Drought," 
a  method  of  showing  graj^hically  the  storage  required  in  the  jjeriods 
of  deficiency  from  1875  to  1887  was  given,  in  the  form  of  a  mass  curve 
after  Eij^pl.  * 

This  curve  is  found  by  j)lotting  the  differences  between  the  yields 
and  the  daily  drafts.  By  this  method  the  storage  required  for  the  given 
daily  draft  in  the  periods  of  deficiency  is  easily  found. 

By  means  of  Tables  Nos.  11  and  13  (pages  281  and  283),  which  give 
the  yield  of  the  Sudbu.ry  water-shed  for  sixteen  years,  by  months, 
reduced  to  1  square  mile  of  land  surface  and  1  square  mile  of  water 
surface,  it  will  be  possible  to  find  the  yield  of  any  water-shed, 
whatever  its  ratios  of  land  and  water  surface. 

Having  found  the  yield,  it  will  then  be  an  easy  matter  to  ascertain 
the  extent  of  the  periods  of  deficiency  for  any  given  draft,  or  the  jieriods 
when  the  yield  is  less  than  the  draft.  To  save  the  trouble  of  these  com- 
putations, the  table  (page  267)  has  been  prepared,  showing  at  once  the 
maximum  storage  required  to  tide  over  the  droughts  between  1875-90, 
and  for  difi'erent  daily  drafts  from  100  000  to  900  000  gallons,  and  ap- 

*  W.  Kippl.  "The  Capacity  of  Storage  Reservoirs  for  Water  Supply."  Min.  Proc.  Inst. 
C.  E.,  Vol.  71,  p.  270. 
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plicable  to  different  percentages  of  water  surfaces  found,  upon  tlie  given 
water-shed.  The  table  is  reduced  to  the  unit  of  one  srpiare  mile,  so 
that  a  simjjle  multiplication  will  give  the  required  storage  upon  any- 
given  number  of  square  miles. 

As  the  greatest  period  of  deficiency  or  the  most  prolonged  and 
severest  drought  is  the  one  on  which  this  table  is  based,  and  must 
ever  be  the  one  to  which  the  cautious  engineer  turns  for  instruction,  it 
may  be  interesting  to  remember  that  this  period  from  1875  to  1890,  in- 
clusive, contains  two  years  of  most  remarkable  drought,  following 
each  other  closely.  These  were  the  years  1880  and  1883  ;  in  fact,  the 
period  of  yield  from  1879  to  1884  forms  a  crucial  test  or  measure  of 
what  may  be  expected  in  the  future.  The  value  of  exact  measure- 
ments during  this  period  will  be  the  better  appreciated  when  we  take 
into  consideration  that  the  rainfall  records  for  sixty  years,  1830-90, 
give  no  evidence  of  any  more  severe  period  of  drought. 

Of  the  future  certainly  we  know  nothing ;  but,  judging  by  the  i^ast, 
we  may  feel  assured  that  we  have  done  all  that  a  reasonable  care  de- 
mands, if  our  works  are  proportioned  to  the  maximum  drought  occur- 
ring in  so  long  a  period  as  sixty  years. 

The  following  is  an  example  of  the  use  of  the  table.  Supijose  we 
have  a  water-shed  of  40  square  miles  which  contains  10  per  cent,  of 
water  surface,  and  we  wish  to  draw  daily  500  000  gallons.  The 
question  is  how  much  storage  must  be  provided.  Look  in  the  left  hand 
column  for  500  000,  and  follow  this  line  to  the  column  headed  10  per  cent. ; 
here,  we  find  the  figures  90  550  000  gallons  storage  per  square  mile,  which, 
multiplied  by  40,  gives  3  622  000  000  gallons — the  required  storage. 

The  diagram  Plate  XL VI,  which  is  a  plot  of  the  table  under  discus- 
sion, will  facilitate  the  taking  out  of  quantities  for  intermediate  per- 
centages not  given  in  the  table.  The  horizontal  lines  are  the  ratios  of 
water  surface.  The  perpendiculars  dropped  from  the  intersections  of 
these  horizontal  lines  with  the  various  lines  of  draft  will  give,  at  the 
bottom  of  the  diagram,  the  required  storage  in  millions  of  gallons. 

When  storage  reservoirs  are  distributed  on  different  portions  of  a 
water-shed,  it  is  important  to  consider  them  with  reference  to  their 
positions,  the  extent  of  their  individual  drainage  areas,  and  their 
capacities  for  yield  in  connection  with  the  other  portions  of  the  water- 
shed; and  these  studies  afford  some  of  the  most  interesting  problems 
for  the  water- works  expert.  It  is  believed  that  the  data  collected  in 
this  paper  will  give  the  means  for  solving  these  jjroblems. 
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In  a  valuable  rei^ort  by  Mr.  Frederic  P.  Stearns,  M.  Am.  Soc.  C.  E., 
to  the  Massachusetts  State  Board  of  Health,  on  "The  Selection  of 
Sources  of  Water  Supply,"  the  author  has  given  a  series  of  diagrams 
illustrating  the  fluctuations  of  a  reservoir  caused  by  different  daily 
drafts.  These  diagrams  show  that,  no  matter  what  the  extent  of  the 
storage  may  be,  the  effect  of  drafts  beyond,  say,  600  000  gallons  daily 
per  square  mile,  is  to  keep  a  storage  reservoir  below  high  water  for 
several  years. 

The  importance  of  this  warning  cannot  be  too  strongly  impressed 
iTpon  the  engineer  who  is  designing  systems  of  storage.  The  following 
table,  calculated  for  0,  10  and  25  per  cent,  water  surfaces,  shows  the 
length  of  time  that  a  reservoir  would  be  below  high  water  during  the 
sixteen  years  we  are  considering,  and  under  various  drafts. 

Periods  During  Which  any  Reservoir  ^iiiii  be  Below  High  Water. 


Daily  draft  per 

Percentage  of  Water  on  Water-Shed. 

square  mile. 

0  per  cent. 
Covered  Reservoir. 

10  per  cent. 

25  per  cent. 

100  000  gals 

1>^  months. 
3>^        " 
l^i        " 
1%        '■ 
83^         " 
9%. 

9>^ 

9y^       " 
103^ 
103i 
1  year,  93^        " 

1        "        9>4 

4     «    10>^ 

6  "      8>,^        " 

7  "     9>i 

6>^  months. 

1%.        •• 
8K        " 
8>^        " 
9^        " 
10  >^       •• 
103^ 

10^        " 
lyear,  93^ 
1      "     9>^        " 
1      "     9>^        •■ 
1      '■   103^ 
1      "   11^        •• 

7  "     83^ 

8  "    ll>i         " 

9  ••     83^        " 

150  000     "     

832 

200  OUO     "     

832        " 

250  000     "     

83^        •' 

8^         •• 

93^ 

lOJ^ 

1  year,  93^       •' 

1      "     9^i        " 

300000     "     

350  000     •'     

400  000     "     

450  000     "     

500  000     "     

550  000     "     

1      "    10  li        " 

600  000     "     

1      "    103^ 

650  000     "     

7      "     83^        " 

700  000     "     

8  "    10^ 

9  "      73i        " 

750  000     "     

800  000     "     

10      "      53^         " 

850  000    "     

11      "     934 
Probably  about  13  yrs.,  9  mos. 

900  000     "     

As  it  is  undesirable  to  keep  the  water  below  high  water  for  more 
than  two  years  in  succession,  it  will  be  seen  that,  no  matter  what  the 
extent  of  the  storage  may  be,  it  is  impracticable  to  secure  more  than 
about  750  000  gallons  daily  from  1  square  mile  of  water-shed  containing 
10  per  cent,  of  water  surface.  As  there  are  circumstances  which 
permit  of  a  diflferent  method  of  managing  a  storage  basin  and, 
where  the  bad  influences  of  keeping  the  water  low  for  several  years 
are  immaterial,  the  table  for  storage  is  carried  to  900  000  gallons  daily 
draft.  With  this  draft  a  basin  on  the  Sudbury  River  water-shed 
would  have  been  one  hundred  and  six  and  a  half  months  or  nearly  nine 
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years,  without  filling  to  its  high  water-line  during  the  period  1875-90, 
and  a  heavy  growth  of  vegetation  would  undoubtedly  have  sprung 
up  on  the  exposed  margins  during  this  long  interval. 

To  secure  this  draft  a  storage  of  377  800  000  gallons  per  square  mile 
becomes  necessary,  which,  if  provided,  would  change  the  percentage  of 
water  surface  from  3|  to  12  per  cent. ,  reckoning  depths  usually  found,  and 
requiring  an  increase  of  another  hundred  millions  of  gallons  to  the  storage, 
which  in  turn  requires  another  correction  for  increase  of  water  surface. 

The  writer  has  had  an  ojjportunity  to  apply  the  calculated  yields 
from  various  percentages  of  land  and  water  surface  to  three  water- 
sheds— one  with  no  water  surface,  another  with  5  per  cent,  of  water  sur- 
face, and  the  third  with  25  per  cent,  of  water  surface.  Daily  gaugings 
of  flow  were  made  for  sixteen  months,  with  the  results  shown  in  the 
following  table  : 

Theee  Water-Sheds  with  Vakxixg  Pekcextages  or  Watek  Sueface. 
Ratios  of  Calculated  Yields  to  "Weir  Measurements. 


0  Per  Cent. 


1890.— February. 

3Jarch  

April 

May 

June 

July 

August 

September 

October 

November 
December. 

1891. — January. . . 
February.. 

March 

April 

May 


0.957 
0.925 
1.056 
0.945 
1.297 
13.391 
4  320 
1.041 
0  8c0 
1.201 
0.950 
1.034 
1.070 
1.012 
1.060 
1.024 


5  Per  Cent.  125  Per  Cent. 


0.934 
1.031 
0.965 
0.865 
1.029 
0.713 
0.548 
0.885 
I.IIO 
1.343 
(1.909 
0.983 
1.009 
1.141 
1.095 
0.821 


1.014 


1.023 


0.958 
1.005 
0.864 
0.859 
0.634 
1.742 
-0.277 
1.045 
1.164 
0.982 
0.908 
1  010 
0.996 
1.028 
1.018 
0.578 


0.97 


With  the  exception  of  the  0  per  cent.,  these  ratios  are  thought  to  be 
satisfactory  as  showing  the  general  accuracy  of  the  data  on  which  the 
yields  for  different  jjercentages  of  water  surface  are  based.  A  large 
swamp  upon  the  water-shed,  with  no  water  surface,  probably  caused 
the  failure  in  the  case  of  the  0  per  cent.,  which,  however,  is  somewhat 
magnified  in  the  table  by  the  fact  that  the  yield  was  small,  though  the 
ratios  are  large.  The  writer  is  inclined  to  caution  engineers  against  the 
use  of  the  table  for  0  per  cent,  of  water  surface  on  account  of  the  difficulty 
of  finding  areas  of  any  great  extent  free  from  ponds,  swamps  or  marshes. 
It  is  doubtful  if  it  is  advisable  to  use  anything  under  2  per  cent. 
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TABLE  No.  1. 

Boston  Eainfalt:, — 74  Yeaks. 
1818-23.     Dr.  Enoch  Hale.     Carefully  collated  from  original  records. 

Snow  melted  and  measured. 
1823-66.      Jonathan  P.  Hall.      From   1823 

Acad.  Arts  and  Sciences  Memoirs      Vol. 
1866-85.    Supt.  of  Sewers,  t  1885-1891. 


to   1856   taken   from  Am. 
VI,  n.  s.,  pp.  229,  308.* 
Boston  Water- Works. 


Year. 

a 

^ 

d 

^ 

S 

a 

t^ 

be 

ft 

> 

o 

5  ^ 

C8 

Ft 

g 

_i_ 

'i 

w 

1" 

o 

fi 

e^ 

1818.. 

2.64 

3.49 

4.05 

6.15 

5.96 

3.47 

4.08 

0.46 

7.81 

2.11 

1.91 

0.86 

42.99 

1819.. 

0.70 

2.27 

6.21 

3.74 

3.06 

3.56 

2.02 

4.38 

5.29 

1.40 

1.22 

1.63 

35.48 

1820.. 

3.12 

4.25 

4.90 

0.45 

5.08 

3.42 

4.19 

5.15 

2.43 

5.39 

3.00 

2.80 

44.18 

1821.. 

1.41 

4.42 

2.. ^3 

4.90 

4.84 

2.79 

2.35 

1.58 

4.73 

2.29 

3.12 

1.93 

36.89 

1822.. 

1.29 

2.34 

2.02 

2.99 

0.78 

3.54 

4.32 

1.20 

2.15 

2.63 

2.58 

1.46 

27.20 

1823.. 

3.00 

4.57 

7.72 

2.21 

6.40 

0.93 

5.74 

1.98 

1.95 

3.95 

1.92 

6.93 

47.30 

1824.. 

3.95 

5.99 

1.81 

4.72 

1.43 

1.60 

0.88 

3.68 

6.43 

1.01 

1.72 

2.80 

36.02 

1825.. 

2.79 

3.43 

4.70 

0.37 

1.36 

4.T7 

1.24 

5.62 

2.66 

3.21 

0.81 

4.38 

35.34 

1826.. 

2.55 

1.48 

3.81 

1.50 

0.25 

3.85 

2.90 

12.10 

3  03 

3.80 

2.31 

3.56 

41.14 

1827.. 

3.92 

2.97 

2.51 

4.75 

5.34 

2.56 

2.59 

4.88 

4.81 

5.28 

5.71 

3.59 

48.91 

1828.. 

2.15 

2.79 

1.84 

2.00 

4.67 

1.59 

4.. 58 

0.37 

3.82 

2.79 

5.55 

0.20 

32.41 

1829.. 

4.93 

5.62 

4.30 

3.45 

2.71 

1.64 

6.98 

4.95 

2-62 

1.G5 

5.74 

2.26 

46.85 

1830. . 

2.36 

1.63 

3.61 

1.21 

3.93 

3.46 

4.90 

2.64 

5.65 

2.38 

5.32 

5.96 

42.95 

1831.. 

4.44 

3.68 

3.07 

6.97 

3.65 

4.32 

5.53 

5.57 

3.83 

4.42 

3.20 

2.93 

51.61 

1832.. 

4.47 

3  74 

2.G5 

5.56 

7.27 

0.50 

3.41 

6.14 

2.07 

2.46 

3.57 

4.85 

46.69 

1833.. 

2.96 

2.53 

2.71 

2.30 

1.03 

3.23 

2.01 

0.82 

2.88 

6.00 

5.53 

5.86 

37.86 

1834.. 

1.39 

1.13 

0.96 

2.93 

6.33 

3.09 

7.71 

2  47 

3.71 

4.62 

2.90 

2.36 

39.60 

1835. . 

3.25 

1.37 

4.27 

4.54 

2.07 

2.74 

9.07 

2.89 

1.31 

1.87 

2.08 

2.40 

37.86 

1836.. 

8.84 

3.57 

2.90 

1.58 

1.85 

4.33 

2.12 

1.53 

0.54 

4.04 

5.43 

4.13 

40.86 

1837.. 

4.10 

4.14 

3.02 

3.07 

5.79 

2.98 

1.80 

1.67 

0  56 

1.58 

2.35 

2  46 

33.52 

1838. . 

3.07 

2.77 

3.09 

2.62 

3.32 

2.55 

1.20 

4.26 

9.87 

5.02 

3.95 

0.80 

42.62 

1839.. 

0.98 

3.11 

1.18 

7.73 

4.27 

2.25 

3.32 

5.70 

2.00 

2.50 

1.71 

6.35 

41.10 

1810.. 

3.12 

2.57 

4.55 

4.60 

2.23 

2.78 

2.93 

4.00 

2.12 

4.48 

11.63 

4.15 

49.16 

1841.. 

6.00 

1.60 

3.50 

8.82 

1.90 

1  95 

2.10 

4.20 

2.86 

3.80 

4.55 

5.77 

47.05 

1842.. 

0.80 

3.20 

3.35 

3.50 

2.90 

5.30 

1.82 

4.44 

3.25 

0.80 

4.45 

5.30 

39.11 

1843.. 

2.20 

6.08 

6.17 

3.88 

1.60 

4.61 

2.15 

6.88 

0.98 

4.82 

3.40 

3.92 

46.69 

1844.. 

3.68 

2.42 

6.00 

0.20 

2.72 

1.40 

2.17 

2.62 

3.63 

5.80 

3.15 

3.85 

37.54 

1845.. 

4.58 

4.25 

3.83 

1.23 

2.82 

2.05 

3.28 

1.82 

2.23 

4.00 

10.25 

5.98 

46.32 

1846.. 

3.12 

2.95 

2.73 

1.23 

2.02 

2.25 

2.51 

1.80 

1.30 

1.36 

4.17 

4.52 

29.95 

1847.. 

3.28 

4.70 

4.77 

2.20 

2.03 

4.09 

2.65 

6.45 

6.64 

1.06 

6.12 

3.95 

46.93 

1848. . 

2.30 

3.90 

4.05 

1.40 

6.30 

1.73 

1.35 

3.10 

3.55 

5  10 

2.25 

5.95 

40.98 

1849.. 

0.35 

1.15 

7.35 

0.90 

3.10 

1.45 

0.85 

6.25 

1.25 

8.10 

5.60 

4.05 

40.30 

1850.. 

4.59 

2.52 

5.32 

4.82 

6.63 

2.77 

2.70 

5.30 

7.15 

2.10 

3.32 

6.76 

53.98 

1851.. 

1  30 

4.20 

3.88 

9.37 

3  31 

1.80 

3.09 

1.27 

3.50 

4.43 

5.51 

2.65 

44.31 

1852.. 

4.85 

2.85 

4.45 

10.18 

1.95 

2.35 

3.28 

7.63 

1.65 

2.19 

3.47 

3.09 

47.94 

1853.. 

2.44 

5.30 

2.27 

3.78 

5.63 

0.30 

3.64 

9.40 

3.80 

3.92 

4.43 

3.95 

48.86 

1854.. 

2.91 

4.87 

2.84 

6.63 

4.33 

2.47 

3.70 

0.68 

3.86 

2.08 

6.80 

4.64 

45.71 

1855.. 

7.22 

4.67 

1.18 

4.28 

1.20 

3.09 

4  15 

1.46 

1.13 

4.61 

6.27 

5.93 

44.19 

1856.. 

5.32 

0.80 

1.33 

4.37 

7.10 

2.90 

4.02 

11.11 

4.90 

2.70 

3.33 

4.28 

52.16 

1867.. 

5.36 

2.45 

3.09 

10.83 

5.57 

2.02 

5.53 

7.18 

2.56 

4.50 

2.. 52 

5.26 

56.87 

1858.. 

3.28 

2.30 

2.18 

5.18 

3.89 

8.09 

4.56 

7.03 

5.02 

3.03 

3.38 

4.73 

52.67 

1859.. 

5.93 

4.05 

7.64 

3.36 

3.63 

7.89 

1.58 

4.72 

4.40 

3.28 

3.75 

6  47 

56.70 

I860.. 

1.89 

3.85 

2.19 

1.73 

2.35 

8.01 

5.90 

4.. 30 

7.35 

2.66 

5.37 

5.86 

51.46 

1861.. 

6.04 

3.57 

7.48 

5.89 

2.97 

3.64 

2.76 

6.04 

1.77 

2.66 

4.90 

2.35 

50.07 

1862.. 

8.30 

3.29 

4.70 

1.97 

2.70 

6.78 

7.33 

4.20 

5.61 

4.85 

8.32 

3.01 

61.06 

1863.. 

4.r.i 

4.54 

6.42 

9.08 

2.82 

2.56 

12.38 

5.64 

3.12 

3.88 

6.48 

6.34 

67.72 

1864.. 

3.87 

1.43 

11,75 

4.72 

3.31 

1.47 

1.90 

4.17 

2.60 

4.80 

4.00 

5.28 

49.30 

1865.. 

4.47 

5.08 

4.83 

2.57 

6.90 

2.83 

4.26 

1.42 

0.62 

6.21 

4.46 

4.18 

47.83 

1866. . 

3.73 

5.28 

4.70 

2.03 

5.04 

3.41 

5.42 

3.87 

5.90 

2.72 

3.74 

4.86 

50.70 

1867.. 

6.06 

6.55 

6.12 

2'  52 

4.11 

2.74 

4.76 

10.78 

0.44 

6.76 

2.32 

2.48 

65.64 

1868.. 

6.09 

1.88 

5.04 

6.94 

10.38 

3.79 

1.10 

7.53 

11.95 

1.78 

5.31 

2.32 

64.11 

1869.. 

4.03 

9.98 

8.74 

2.05 

6.88 

4.44 

3.30 

2.19 

5.18 

6.71 

3.74 

9.04 

66.28 

1870.. 

8.16 

7.03 

4.88 

8.42 

2.58 

7.59 

4.01 

1.57 

0.67 

6.80 

4.40 

3.62 

59.73 

1871 . . 

2.77 

3.72 

4.6S 

4.23 

5.69 

5.67 

2.87 

3.31 

1.37 

S-.-M 

5.38 

3.13 

48.33 

1872.. 

2.43 

2.68 

3.98 

3.24 

3.95 

4.81 

4.48 

10.48 

7.37 

4.98 

4.64 

5.00 

58.04 

1873.. 

6.69 

3.74 

4.54 

3.81 

4.92 

0.65 

3.26 

6.46 

2.78 

5.43 

7.34 

5.33 

54.94 
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Year. 

0 

.2 

o 
u 

o. 

a 

o 
a 

p 

to 
s 
< 

Sept. 

Oct. 

Nov. 

d 

<D 

1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 

4.30 
3.24 
1.89 
4.03 
7.30 
2.74 
3.23 
5.59 
4.66 
4.04 
5.71 
5.21 
7.04 
5.57 
3.88 
6.50 
2.52 
6.98 

4.02 
3.62 
5.24 
1.20 
6.08 
3.54 
4.73 
5-15 
6.35 
3.55 
7.19 
2.88 
7.38 
4.44 
3.34 
1.93 
3.12 
8.29 

1.64 
5.76 
8.25 
9.08 
5.37 
4.31 
3.85 
6.94 
3.57 
2.14 
6.25 
1.21 
3.76 
5.20 
5.53 
2.17 
7.64 
5.63 

8.36 
4.46 
5.61 
3.82 
5.88 
6.97 
3.28 
2.36 
2.61 
2.95 
4.88 
3.62 
2.52 
4.74 
2.44 
4.02 
2.93 
2.98 

3.72 
3.89 
3.14 
3.58 
0.92 
1.16" 
1.86 
3.59 
5.80 
3.94 
3.32 
4.35 
3.96 
1.69 
5.90 
4.78 
5.80 
2.05 

2.91 
7.73 
2.16 
3.05 
2.06 
5.62 
0.63 
7.01 
1.74 
2.57 
4.21 
3.38 
1.30 
2.08 
2.58 
3.31 
2.60 
4.04 

2.70 
3.84 
6.50 
2.58 
3.63 
3.43 
7.52 
3.51 
4.01 
2.51 
5.33 
1.4i» 
2.09 
3.69 
1.98 
9.23 
2.43 
3.44 

6.48 
3.50 
1.82 
5.6,S 
6.50 
6.45 
2.87 
1.17 
1.69 
0.34 
5.30 
7.22 
3.98 
3.. "53 
7.10 
4.81 
3.37 
4.02 

1.66 
3.32 
3.62 
0.53 
2.32 
1.86 
2.30 
2.52 
11.47 
1.38 
0.23 
1.60 
2.94 
1.35 
9.45 
5.30 
4.89 
3.07 

1.02 
5.06 
2.13 
8.19 
6.10 
0.80 
3.41 
2.86 
2.30 
6.34 
3.34 
5.67 
3.06 
3.21 
4.54 
3.83 
8.78 
5.70 

2.58 
5.62 
9.82 
8.36 
7.11 
3.53 
2.07 
4.42 
1.74 
2.07 
3.19 
5.53 
3.73 
2.75 
8.17 
6.25 
1.37 
2.70 

1.70 
0.97 
5.01 
1.05 
5.62 
4.64 
3.14 
4.10 
2.48 
3.73 
4.91 
2.00 
4.71 
3.6(5 
5.36 
2.66 
4.76 
3.73 

41.09 
51.01 
55.19 
51.15 
58.89 
45.05 
38.89 
49.22 
48.42 
35.56 
53.86 
44.07 
46.47 
41.91 
60.27 
54.79 
50.21 
49.63 

Totals 

294.41 

279.79 

322.59 

300.13 

280.30 

241.83 

274.54 

325.07 

262.37 

284.48 

319.29 

292.79 

3477.66 

Means 

3.98 

3.78 

4.36 

4.06 

3.79 

3.27 

3.71 

4.39 

3.55 

3.84 

4.31 

3.96 

47.00 

*  Hall's  gauge  was  18  inches  high.  12  Inches  diameter,  and  located  90  feet  above  tide- 
marsh.    The  snow  was  melted  and  measured. 

t  The  Sewer  and  Water- Works  gauges  are  14.85  inches  diameter,  and  the  collections  are 
weighed. 
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DISCUSS  ION. 


Jahes  B.  Feancis,  Past  President  Am.  Soc.  C.  E. — The  recent  great 
rains  and  floods  in  the  West  and  the  comparative  drought  in  the  East 
have  led  me  to  consider  if  this  condition  can  be  explained  on  any 
general  principles.  I  suj)iDOse  the  rainfall  depends  on  the  evaporation 
caused  by  the  heat  of  the  sun,  which  I  take  to  be  uniform,  and  that 
the  evai^oration  and  rainfall,  taking  the  earth  as  a  whole,  are  constant 
quantities,  although  we  find  practically  as  to  a  particular  locality  very 
great  iueqiiality.  We  have  had  in  the  West  enormous  rains  and  floods; 
in  the  East  at  the  same  time  the  rainfall  was  extremely  small.  I 
account  for  it  thus :  The  water  evaporated  must  fall  somewhere,  but  is 
irregularly  distributed,  depending  on  the  currents  of  air;  if  there  is  an 
excess  in  some  places  there  must  be  a  corresponding  deficiency  in  some 
other  places. 

A.  Fteley,  M.  Am.  Soc.  C.  E. — The  results  shown  in  the  paper  just 
read  have  evidently  been  collected  with  great  care,  but  it  omits  one 
point  which  is  of  importance  in  the  computation  of  the  amount  of 
storage  room  necessary  in  connection  with  a  given  water-shed  and  a 
given  daily  consumption.  I  refer  to  the  fact  that  the  total  amount 
drawn  from  reservoirs  in  a  year  of  drought,  when  they  are  partly  or 
wholly  emptied,  is  greater  than  the  apparent  cajaacity  of  the  basins. 
I  have  observed  several  cases  where  the  excess  was  from  20  to  30  j)er 
cent,  and  more.  In  New  York,  last  year,  the  storage  reservoirs  were 
entirely  exhausted  and  the  amount  of  water  drawn  from  them,  exclu- 
sive of  the  natiiral  flow  of  the  streams,  exceeded  by  more  than  30  per 
cent,  the  visible  capacity. 

This  result  is  obviously  due  to  the  fact  that  the  ground  around  the 
reservoirs  fills  up  at  the  same  time  as  their  level  rises,  and  that  the 
amount  of  water  thus  stored  in  the  ground  gradually  returns  to  the 
reservoir  as  its  surface  is  lowered.  The  amount  of  water  stored  by 
these  means  necessarily  varies  with  the  nature  of  the  ground,  being 
practically  nil  for  rocky  surfaces,  and  increasing  with  the  porosity  of 
the  materials  of  which  it  is  formed. 

Clemens  Hekschel,  M.  Am.  Soc.  C.  E. — The  jjoint  just  made  by 
Mr.  Fteley  is  one  of  the  two  that  I  wished  to  make  about  the  jiaper 
under  discussion.  The  Boston  observations  were,  I  believe,  the  first 
made  on  the  yield  of  drainage  areas,  and,  being  the  first,  they  have 
been  worked  up  with  more  care  and  more  accuracy  than  any  others 
we  have.  I  think,  also,  that  we  have  had,  until  recently,  only  the  ob- 
servations made  on  the  Boston  and  the  New  York  water  supply  drain- 
age areas  to  go  from  in  this  country.  Now,  in  the  course  of  time,  the 
computations  and  tables  that  have  been  made,  have  gone  into  more 
and  more  refinements,  which  is,  of  course,  conducive  to  an  advance  of 
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knowledge.  But  the  moment  we  pretend  to  work  from  observations 
of  this  kind  and  achieve  precise  results,  the  more  essential  it  is  that 
absolutely  no  modifying  causes  be  left  out  of  the  computation.  It 
thus  has  come  about  that  this  matter  of  the  yield  of  a  reservoir,  being 
more  than  its  capacity  when  measured  from  a  topograjihical  map,  has 
become  one  of  material  weight. 

The  two  paj^ers  we  have  recently  had  on  this  subject,  that  of  Mr. 
Stearns  and  of  Mr.  FitzGerald,  are  notable  papers,  but  embodied  in 
them  is  the  underlying  defect  which  Mr.  Fteley  and  I  have  pointed 
out. 

To  illustrate,  I  will  take  the  paj^er  of  Mr.  Stearns,  who  comi^utes 
that  to  yield  from  a  drainage  area  the  moderate  quantity  of  800  000 
gallons  per  square  mile,  it  is  necessary  to  have  something  like  two 
hundred  and  twenty-five  days'  visible  supply  in  store.  A  storage 
capacity  of  that  magnitude  is,  however,  rarely  found  on  any  city 
water- works  in  the  United  States.  A  result  of  that  sort  imme- 
diately put  me  on  my  guard  against  the  whole  series  of  results 
found,  and,  examining  into  the  matter,  I  judged  that  the  reason 
such  results  were  arrived  at  was  simply  that  the  point  had  not  been 
couvsidered,  that  the  water  as  it  rises,  elevates  -n-ith  it  the  whole  water 
table  of  the  country  surrounding  the  reservoir.  So  that  the  reservoir 
volume,  as  comijuted  from  a  topograjjhical  map,  does  not  represent  the 
true  storage  volume;  the  true  storage  volume  is  this  computed  vol- 
ume, together  with  what  may  be  called  the  invisible  storage,  which 
latter  is  under  ground.  "Where,  in  the  one  case,  we  might  compute  that 
we  had  got  only  one  hundred  and  twenty  days'  supply,  we  would  have 
in  reality  one  hundred  and  sixty  to  one  hundred  and  seventy  days' 
supi^ly  in  store. 

The  second  point  I  alluded  to  is  in  the  way  of  questioning  whether 
to  accept  the  results  founded  solely  on  the  drainage  areas  of  Boston  and 
New  York,  as  gi^dng  results  a^jplicable  in  any  and  all  cases.  They  are 
composed  in  the  main  of  hills,  not  of  a  mountainous  character;  lie  near 
the  sea-shore,  with  ample  expanse  of  meadow  and  farm  in  the  lower 
portions.  Being  accidentally  of  like  character,  the  impression  has 
grown  up  and  has  been  allowed  to  prevail,  that  because  these  two  give 
concordant  results,  no  others  need  be  expected.  They  give  a  yield  of 
something  like  50  or  51  or  49  per  cent,  of  the  total  rainfall,  varying 
very  largely  during  the  difierent  years,  and  being  even  unlike  during 
years  of  the  same  rainfall;  for,  as  we  know,  the  distribution  of  rainfall 
during  the  year  is  of  the  utmost  imi^ortance.  To  compute  the  yield 
of  any  stream  from  such  records,  and  from  the  rainfall  of  the  section  of 
country  in  which  that  stream  is  situated,  thus  becomes  an  uncertain 
matter.  The  thing  we  are  all  after  is  knowledge  of  the  flow  of  a  given 
stream  in  cubic  feet  jjer  second;  of  what  our  western  friends  call  "the 
run-off,"  and  I  imagine,  that  if  the   measurement   of  cubic   feet   per 
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second  had  been  as  simple  a  matter  as  measuring  rainfall,  we  should  now 
have  a  much  greater  knowledge  on  the  subject  than  we  actually  have. 

I  hojje,  as  time  goes  on,  cubic  feet  per  second  will  be  measured 
more  and  more,  and  it  will  follow  that  inches  of  rainfall  will  lose  the 
imi^ortance  that  is  now  given  them. 

To  illustrate  in  figures  what  I  have  just  stated,  I  will  read  some 
statistics  which  I  have  gathered  : 

[From  the  "  Annales  des  Fonts  at  Chaussees."] 

January,  1892. 

Per  Cent. 

Durance,  above  Mirabeau,  seven  years'  record 74 

"  "      Avignon,  "  "       67 

Three  tributaries  of  La  Loire 71 

Granit  de  Morvan 71 

Eeservoir  Gondrexange 53 

Portion  of  La  Seine 53 

Reservoir  Freyberg 45 

WTiile,  as  is  well  known,  the  general  result  on  the  Boston  and  New 
York  drainage  areas  is  not  quite  50  per  cent. 

June  1st,  1891,  to  June  1st,  1892,  was  a  very  dry  year  in  the  vicinity 
of  New  York.  The  Croton  water-shed  yielded  in  that  twelve  months 
15.74  inches  of  water;  the  yield  of  the  Sudbury  was,  during  the  same 
time,  15.63  inches;  the  minimum  on  record  on  the  Croton,  1880,  being 
15.33  inches. 

During  the  same  twelve  months,  the  Pequannock  water-shed,  above 
the  intake  dam,  near  Charlottsburgh,  situated  in  the  same  range  of 
rainfall  and  of  drought,  but  consisting  largely  of  mountain  slopes, 
yielded  23.23  inches  of  water,  being  nearly  50  per  cent,  more  than  the 
rate  of  yield  from  the  Croton  or  the  Sudbury  water-shed. 

I  will  say  in  this  connection  that  it  would  be  more  scientific  to 
divide  rainfall  and  yields  of  streams  into  periods  from  June  1st  to 
June  1st,  than  to  divide  the  year  in  the  usual  way,  from  January  1st  to 
January  1st,  to  get  true  annual  yields. 

Feederic  p.  Stearns,  M.  Am.  Soc.  C.  E.— As  a  part  of  my  regular 
work,  I  have  occasion  very  frequently  to  estimate  the  capacity  of  pro- 
posed sources  of  water  supply.  In  making  such  estimates,  I  have 
always  found  the  accurate  records  of  the  flow  of  streams,  rainfall  and 
evaporation,  made  in  connection  with  the  Boston  Water  Works,  and  for 
the  most  part  under  the  supervision  of  Mr.  FitzGerald,  of  the  greaitest 
value.  I  wish  to  emphasize  one  point  that  has  already  been  brought 
out  by  Mr.  FitzGerald,  viz. ,  the  fact  that  these  records  include  a  most 
remarkable  period  of  drought,  and  that  estimates  based  upon  them  are 
consequently  miich  more  conservative  than  if  based  upon  any  other 
records  with  which  I  am  acquainted. 
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I  may  say  in  the  beginning,  tliat  I  consider  the  records  of  the  Sud- 
bury Kiyer  of  greater  value  than  those  of  the  other  water-sheds  of  the 
Boston  Water  Works,  because  there  is  practically  no  loss  from  this  water- 
shed by  the  filtration  of  water  through  the  ground  to  lower  levels,  and 
there  is  less  comi^lication  due  to  public  water  supplies  wpou  the  water- 
shed, diversion  of  sewage  past  the  lower  dam,  or  by  sujDerficial  and 
underground  storage  of  which  no  account  is  taken. 

Mr.  FitzGerald  calls  attention  in  his  jjai^er  to  the  fact  that  the  Sud- 
bury Eiver  records  include  two  years,  1880  and  1883,  of  most  remark- 
able drought,  di'ier  than  any  other  in  this  vicinity  for  the  sixty  years 
from  1830  to  1890.  The  period  of  five  years  from  1879  to  1883,  not  only 
includes  these  two  years,  but  it  also  includes  three  other  years,  in  each 
of  which  the  flow  was  below  the  average.  These  facts  seem  to  furnish 
ample  justification  for  Mr.  FitzGerald's  statement,  that  "  judging  by 
the  past,  we  may  feel  assured  that  we  have  done  all  that  a  reasonable 
care  demands,  if  our  works  are  proportioned  to  the  maximum  drought 
ocurring  in  so  long  a  period  as  sixty  years." 

By  making  a  comparison  between  the  Sudbury  and  Croton  records, 
we  are  also  confirmed  in  the  opinion  that  the  Sudbury  records  include 
a  period  of  most  remarkable  drought,  as  will  be  seen  by  the  following 
table  : 

CoMPAEisox   OF   SrDBtrKT   AXD   Ceoton   eecokds   durtsg  the   driest 

PERIODS,      VAEYTNG    IN     LENGTH     FROM     THREE     MONTHS     TO    SIXTEEN 
YEARS.* 


Peeiod. 


Average  daily  flow  for  given  period 
in  gallons  per  square  luile. 


Sudbury.  Croton. 


3  months 95  000  226  000 

8  months ,  181000  302 -tOO 

1  year 1  497  000  619  500 

5  years 769  000  926  300 

16  years 1079  000  1  057  000 

It  will  be  observed  from  this  table  that  the  average  flow  from  the 
Sudbury  River  water-shed  per  square  mile  during  the  driest  periods 
of  five  years  or  less  was  very  much  less  than  from  the  Croton,  while 
the  average  flow  of  the  whole  sixteen  years  was  practically  the  same. 
It  is  also  true  that,  taking  the  whole  period  in  each  case,  the  amount 
of  rainfall  was  almost  exactly  the  same. 

The  Croton  records  would  naturally  be  used  in  the  vicinity  of  New 

*  The  Sudbury  records  are  based  upon  the  sixteen  years  from  1875  to  1890  inclusive. 
The  Croton  records  include  the  seventeen  years  from  1870  to  1886,  and  are  taken  from  a  table 
made  by  Mr.  A.  Fteley,  Chief  Engineer  of  the  New  York  Aqueduct  Commission,  and  published 
in  the  Journal  of  the  New  England  Water  Works  Association,  for  March,  1892. 
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York  in  estimating  the  capacity  of  water-sheds;  but  the  above  comi^ari- 
son  at  once  raises  the  question  as  to  whether  water-sheds  in  the  vicinity 
of  New  York  are  not  about  as  likely  to  have  these  severe  droughts  in 
the  futtire  as  those  in  the  eastern  j)art  of  Massachusetts;  in  other 
words,  was  the  great  drought  on  the  Sudbury  water-shed  due  to  its 
location,  or  was  it  one  of  those  great  variations  from  the  average  con- 
ditions which  occur  from  time  to  time  in  all  meteorological  phenomena 
without  being  assignable  to  any  known  law?  I  am  inclined  to  the 
latter  view,  and  consequently  believe  that  estimates  of  the  yield  of 
water  sheds  in  the  vicinity  of  New  York,  in  order  to  be  on  the  safe 
side,  should  be  based  upon  the  Sudbury  rather  than  upon  the  Croton 
records. 

The  table  presented  by  Mr.  FitzGerald,  on  page  267,  is  one  by  which 
the  yield  of  water-sheds  can  be  computed  with  very  little  labor,  and 
with  as  much  accuracy  as  would  result  from  a  tedious  calculation 
based  upon  the  detailed  tables  appended  to  his  paper. 

A  table*  similar  to  his,  and  also  based  upon  the  Sudbury  records,  is 
given  below.  It  differs  from  Mr.  FitzGerald's  table,  however,  in  that 
his  is  based  upon  one  square  mile  of  water-shed,  including  various 
percentages  of  water  surface,  while  mine  is  based  upon  a  square  mile 
of  land  surface  Avith  varying  areas  of  water  surface  in  addition. 


The  second  columns  of  the  two  tables  are  direptly  comjiarable 
because  they  represent  the  case  where  the  water  surfaces  are  absent. 
It  -will  be  seen  that  there  is  some  difference  in  the  results,  though 
l^erhajDS  not  enough  to  be  of  practical  importance.  The  other  columns 
are  not  directly  comjaarable,  but  the  comparative  results  can  be  shown 

*  Tbis  table  was  originally  published  iu  the  annual  report  of  the  Massachusetts  State 
Board  of  Health  for  1890,  page  342,  and  was  also  publ^hed  in  the  Journal  of  the  Association  of 
Engineering  Societies,  October,  1891,  aud  in  the  Journal  of  the  Neiv  England  Water  Works  Asso- 
ciation, March,  1892. 
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by  the  following  example,  in  which  it  is  assumed  that  the  area  of  the 
water-shed,  including  water  surfaces,  is  94  square  miles,  the  area  of 
water  surfaces  6  square  miles,  and  the  available  storage  capacity 
9  600  000  000  gaUons. 

By  FitzGekaid's  Table. 

Square  miles. 

Area  of  water-shed,  including  water  surfaces .  94 

Area  of  water  surfaces 6 

Ai-ea  of  land  surfaces 88 

Percentage  of  water  surfaces  to  total  water- 
shed    6.8 

Gallons. 

Available  storage 9  600  000  000 

Available  storage  per  square  mile  of  water- 
shed      102  000  000 

Average  yield  per  square  mile  of  water-shed, 

from  table 565  000 

Daily  capacity  of  whole  water-shed 53  100  000 

By  Steakns'  Table. 

Square  miles. 

Area  of  water-shed,  including  water  surfaces .  94 

Area  of  water  surfaces 6 

Area  of  land  surfaces 88 

Per  cent,  of  water  surfaces  to  land  surfaces  . .  6.8 

Gallons. 

Available  storage .'. 9  600  000  000 

Available   storage   per   square   mile  of  land 

surface 109  000  000 

Average  yield  -per  square  mile  of  land  surface, 

from  table 602  000 

Daily  capacity  of  whole  water-shed 53  000  000 

It  is  sometimes  convenient  in  making  preliminary  examinations  to 
remember  that  ordinary  water-sheds  where  there  is  no  storage,  or 
where  the  amount  of  storage  which  can  be  made  available  is  very 
limited,  as  is  usually  the  case  with  mountain  streams,  will  not  furnish 
more  than  100  000  gallons  j^er  day  per  square  mile,  while  a  large  pond, 
draining  a  small  water-shed,  may  in  some  instances  furnish  as  much 
as  900  000  gallons  per  day  -per  square  mile  of  laud  surface.  With  the 
amount  of  artificial  storage  which  it  is  usually  feasible  to  provide  upon 
water-sheds,  the  yield  is  likely  to  range  between  300  000  and  600  000 
gallons  per  day  per  square  mile  of  land  surface. 
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L.  J.  LeConte,  M.  Am,  Soc.  C.  E. — Annual  rainfall  at  and  near  San 
Francisco  is  subject  to  great  variation,  and  furthermore,  there  is  great 
difference  in  rainfall,  in  the  same  year,  between  localities  only  a  few 
miles  apart. 

For  examj)le,  at  San  Francisco  we  have  as  follows : 

Inches. 

Minimum  fall =     7,4 

Maximum  fall =  49.3 

Mean  annual =  23. 0 

At  the  reservoir  sites  only  25  miles  distant,  we  have: 

Minimum  fall =  20.0 

Maximum  fall =  81.0 

Mean  annual =  47.0 

Generally  speaking,  the  minimum  year's  rainfall  equals  one-third  the 
average  ;  the  maximum  is  more  than  double  the  average,  and  more  than 
six  times  the  minimum.  Two  dry  years  have  come  in  succession, 
having  only  one-half  the  average  rainfall. 

The  flow  of  streams  is  correspondingly  irregular.  They  flow  from 
December  to  May,  and  are  dry  the  rest  of  the  year.  During  dry  years 
there  is  no  flow  and  sometimes  no  fresh  supply  enters  the  reservoirs  for 
a  period  of  six  hundred  days.  Meanwhile  evaporation  from  water  sur- 
faces equal  60  inches  per  year.  Hence  the  pi'actice  in  California,  as  to 
storage  reservoir,  is  quite  different  from  that  in  the  Eastern  States, 
where  streams  are  running,  more  or  less,  the  whole  year. 

Large  reservoirs  are  a  necessity  with  us  and  the  aim  is  always  to 
catch  all  the  flow  that  the  water-shed  furnishes,  nothing  is  alloAved  to 
go  to  waste,  as  a  rule.  Reservoirs  are  generally  designed  on  the  basis 
of  85  million  cubic  feet  of  storage  capacity  for  each  square  mile  of 
water-shed.  This  is  four  to  five  times  as  much  as  most  cities  have 
adopted. 

The  "  catch  "  or  amount  collected  each  year  is  also  subject  to  still 
greater  variation,  but  as  an  average  may  be  estimated  at  30  per  cent. 
of  rainfall.  During  years  of  light  rainfall,  even  up  to  20  inches,  the 
catch  is  practically  nothing.  Whei'e  the  variation  is  so  great,  it  is 
impossible  to  make  a  catchment  table  which  would  command  con- 
fidence, but  if  we  take  a  wide  grasp  of  the  whole  subject,  I  think  we 
are  justified  in  assuming  the  following  approximations : 


Kmnfall. 


Catch. 


10  inches. 

20 

30 

40 
50 


0.5  inches. 

2.0 

9.0 
18.0 
30.0 
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Mr.  Stearns'  statement  that  it  is  impracticable  to  secure  more  than 
600  000  gallons  per  day  per  square  mile  of  water-shed,  is  a  very  im- 
portant contribution  to  our  list  of  useful  facts.  At  San  Francisco 
similar  observations  have  been  made,  and  the  final  conclusion  arrived 
at  is,  that  a  reliable  daily  supply  of  1  000  000  gallons  will  require  from 
4  to  4:i  square  miles  of  water-shed.  This  is  a  result  of  fourteen  years' 
experience  (1877  to  1891),  the  mean  annual  rainfall  being  about  47 
inches.  The  above  catchment  table  throws  ample  light  uj^on  the  true 
cause  of  this  difference. 

E.  Sheemajst  Gotjld,  M.  Am.  Soc.  C.  E. — An  important  feature  of 
this  paper  is  its  bearing  upon  the  capacity  of  spill-ways,  or  overflows 
of  reservoirs.  The  author  lays  down  as  guiding  data,  that,  in  districts 
analogous  to  those  treated  of,  1  square  mile  of  drainage  area  furnishes 
ajjproximately  1.5  cubic  feet  per  second  yearly  average,  which  volume 
may  be  increased  a  hundredfold,  or  wp  to  150  cubic  feet  i^er  second, 
for  twenty-four  hours,  by  maximum  freshets.  This  maximum  flow  is 
certainly  very  large,  being  3.4  times  greater  than  that  of  the  Sudbury 
water-shed  in  February,  1886,  mentioned  by  the  author.  It  will  be 
interesting  to  make  some  calculations,  to  see  to  what  dimensions  of 
spill-way  these  data  lead  us. 

I  have  stated  elsewhere  that,  in  want  of  a  better,  the  following 
formula  gives  fairly  well  the  proper  average  length  in  feet  of  spill-ways 
in  terms  of  the  drainage  area  expressed  in  square  miles  : 

i  =  20  yJT 

I  will  use  this  length  in  the  following  calculations,  determining 
the  vertical  dimension  H,  by  means  of  the  well-known  formula  for  dis- 
charge over  weirs  : 

§  =  3.2  X  i  X  n/77^ 
in  which  Q  =  cubic  feet  per  second,  L  ^=  length  of  Aveir  in  feet,   and 
H  =  height  in  feet  from  sill  to  surface  of  smooth  water.     The  co- 
efficient 3.2  is,  of  course,  subject  to  variation  ;  the  above  value  is  a 
near  enough  average  for  the  present  purpose. 

If,  now,  we  calculated  the  values  of  L  and  H  by  means  of  these 
formulas  for  a  series  of  reservoirs  imijounding  the  flow  from  water- 
sheds respectively  of  9,  25,  100  and  400  square  miles,  yielding  150  cubic 
feet  per  square  mile  per  second,  we  shall  have  : 

Area,  9  square  miles,  L=    60,  H  =z    3.63 

"      25      "  "         L  =  100,  n=    5.16 

"    100      "  "         i  =  200,  H=    8.19 

"    400      "  "        i  =  400,  i7=  13.00 

These  values  of  H  represent  the  height  of  the  cross-section  of  water 
going  over  the  sill  of  the  dam.  The  crest  of  the  dam  must  be  raised 
still  higher,  the  additional  height  depending  upon  the  nature  of  the 
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dam,  and  the  i^robable  height  of  the  waves  which  may  be  j^ro- 
duced  behind  it.  It  is  evident  that  the  above  figures  call  for  spill- 
ways of  great  capacity.  It  would  be  very  interesting  to  know  if  the 
results  obtained  agree  with  the  practice  of  our  leading  hydraulic 
engineers. 

Some  years  ago  I  made  calculations  for  the  prosier  height  of  spill- 
way corresponding  to  a  maximum  flow  of  40  000  000  gallons  per  square 
mile  per  twenty-four  hours,  or  about  62  cubic  feet  per  second,  this 
being,  as  far  as  I  could  ascertain,  about  the  maximiim  observed  at  the 
Croton  dam.  I  found,  using  the  previously  given  formula  for  length, 
that  the  proper  height,  in  feet,  was  the  cubic  root  of  the  number  of 
square  miles  in  the  water-shed. 

Using  this  rule  for  the  same  areas  as  those  previously  taken,  we 
have  : 

Area,  9  squ.are  miles,    L=    60,  i7=2.08 
"     25     "  "        i  =  100,  i?==2.92 

"   100     "  "        i  =  200,  i7=4.62 

"  400     "  "        i  =  400,  i7=73.7. 

For  a  maximum  discharge  of  62  cubic  feet  per  second  per  square 
mile,  we  should  then  have  the  two  general  formulas  for  length  and 
dejjth  of  spill-way  : 

L  =  20vM (1) 

i)=  V3r+  C (2) 

in  which  L  =  length  in  feet ;  D  =  total  height  in  feet  from  sill  to 
crest ;  A  =  drainage  area  in  square  miles,  and  C=  a  varying  height  from 
high  water-mark  to  crest  of  dam  depending  upon  circumstances  already 
mentioned. 

To  adapt  (2j  to  a  flow  of  150  cubic  feet  per  second  per  square  mile, 
it  will  suflSce  to  multij^ly  ^/Ahj  1.77. 

Such  general  formulas  cannot  be  taken  as  absolute  guides,  but  may 
be  useful  in  affording  a  rational  foundation  for  more  sijecial  study  in 
particular  cases,  the  vital  question  always  being:  what  is  the  maximum 
flow  i^er  second  which  can  possibly  occur  under  the  most  unfavorable 
combination  of  circumstances  ?  Now,  any  engineering  problem  con- 
sidered in  this  light,  i.  e.,  that  of  the  most  unfavorable  conditions 
conceivable,  naturally  leads  to  a  very  expensive  solution,  and  it  is, 
therefore,  probable  that  the  tendency  will  always  be  in  dam  build- 
ing, to  restrict  the  dimensions  of  the  overflow  below  what  the  more 
pessimistic  vie\«^  of  the  case  would  dictate.  In  masonry  dams  built 
across  rocky  ravines,  we  are  comparatively  indifferent  to  the  possibility 
of  the  dam  being  overtopped  by  a  freshet,  but  in  earthen  dams  this 
constitutes,  perhaps,  the  greatest  peril  with  which  they  are  menaced. 
It  is  for  this  reason,  among  others,  that  my  opinion  remains  un- 
shaken that  such  dams  should  always  be  provided  with  a  substantial 
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center  wall  of  liydraiilic  masonrT,  carried  well  above  the  sill  or  lii?  of 
the  dam,  and  the  rip-rapping  of  the  inner  slope  carried  still  higher. 
As  a  rule  we  may  esiject  that  the  heavier  the  freshet,  the  shorter  its 
duration;  so  that  if  a  dam  thus  protected  should  be  overtop i)ed,  we 
might  expect  the  flood  to  subside  before  it  should  have  entirely 
striijped  the  outer  slope,  and  thus  caused  the  center  wall  to  yield, 
particularly  if  liberal  discharge  culvert  cai^acity  is  also  provided  and 
made  use  of.  And  even  if  the  worst  should  occur,  and  the  center- 
wall  be  breached,  time,  that  priceless  element  in  such  cases,  would  be 
gained,  and  the  catastrophe  greatly  modified.  For  the  only  difference 
between  the  harmless  emptying  of  a  reservoir,  and  a  Johnstown 
disaster,  is  one  of  time. 

As  our  profession,  like  that  of  the  law,  depends  in  its  exercise 
largely  ui^on  precedent,  it  is  greatly  to  be  desired  that  statistics 
be  gathered  resiDecting  the  dimensions  of  the  overflow  of  existing 
reservoirs,  together  with  their  corresponding  water-sheds  and  meteor- 
ology. 

If  the  i^roper  depth  of  si^ill-way  for  discharge  of  62  cubic  feet  per 
square  mile  per  second  be  y'^,  the  proper  depth  for  any  other  quantity, 
§,  may  be  obtained  by  multiplying  "v/^  by  the  coefficient  G,  derived 

from  the  relation,-^  =  -y/  C^,  which  reduces,  using  round  numbers,  to 

We  would  then  have  the  two  general  approximate,  or  rather  tenta- 
tive, formulas  for  length  and  dei^th  of  spill-way  to  discharge  a  given 
number  Q  of  cubic  feet  per  square  mile  per  second,  replacing  those 
before  given: 

(1) Z  =  20  "v/  ^  (as  before  given. ) 

(2) D=  i^'xi/X+C. 

Mansfield  Meeriman,  M.  Am.  Soc.  C.  E. — The  reason  why  a  rain- 
gauge  on  the  top  of  a  building  indicates  a  less  amount  of  rainfall  than 
one  on  the  surface  of  the  ground,  has  not  y  et  been  made  clear.  It  is 
generally  assumed  that  the  lower  gauge  gives  the  correct  result,  and 
that  the  indications  of  higher  gauges  are  unreliable.  Mr.  FitzGerald 
asserts  that  the  signal  service  observations  of  rainfall,  made  on  the  tops 
of  high  buildings,  are  untrustworthy.  My  own  view  of  this  matter  is 
that  the  higher  gauge  gives  the  more  reliable  result,  particularly  in 
cities.  This  opinion  is  not  founded  on  any  exfierimental  e^■idence,  and 
therefore  cannot  be  regarded  as  of  much  value;  but  as  I  have  not  seen 
the  theory  stated  by  any  wi-iter,  it  may  be  worth  while  to  note  it  here 
and  to  give  the  i-easons  in  favor  of  it. 

The  size  of  a  rain-drop,  it  seems  to  me,  is  not  constant,  but  increases 
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as  it  descends.  This  is  due  to  the  evaporation  which  constantly  goes 
on,  even  during  a  rain  and  which  is  a  maximum  near  the  surface  of  the 
ground  where  the  drops  of  rain  are  broken  up  by  the  impact  on  trees, 
grass  and  earth.  Consequently,  the  air  near  the  surface  of  the  ground 
becomes  saturated  with  moisture,  and  this  is  partly  taken  up  by  other 
drops,  whose  size  accordingly  increases  as  they  fall.  A  rain-gauge  on 
the  surface  of  the  ground  hence  measures  too  great  a  quantity,  for  a 
part  of  the  water  which  falls  into  it  has  fallen  before  on  surrounding 
objects. 

If  there  is  anything  in  this  theory  it  would  be  expected  that  the  dif- 
ference in  the  readings  of  two  gauges,  one  low  and  the  other  high,  would 
vary  with  the  humidity  of  the  air  and  also  with  the  force  of  the  wind. 
A  series  of  records  with  several  self -registering  rain-gauges  will  enable 
a  discussion  to  be  made  which  will  throw  some  Light  on  a  question  now 
in  much  doubt. 

In  a  large  city  I  can  conceive  of  no  better  jjlace  for  a  rain-gauge 
than  on  the  top  of  a  building.  No  one  would  advocate  jjiitting  it  in 
an  alley  or  court  yard,  and  a  public  square  filled  with  trees  does  not 
seem  a  good  j)lace.  By  locating  it  on  the  roof  of  a  building  the 
influence  of  heated  pavements  and  walls  is  largely  eliminated,  and 
these  would  probably  have  more  effect  on  the  evaporation  of  water  that 
has  fallen  than  would  be  the  case  in  a  small  town  or  in  the  country. 
Out  on  the  treeless  prairie  it  seems  probable  that  the  height  of  a  rain- 
gauge  is  of  less  importance  than  elsewhere. 

The  only  definite  reason  why  a  rain-gauge  should  be  located  at  the 
surface  of  the  ground,  which  I  have  been  able  to  find,  is  that  at  a  higher 
elevation  the  drops  of  rain  "move  in  parabolic  curves  "  whenever  there 
is  wind.  This  reason,  however,  explains  nothing,  for,  whether  the  path 
of  the  drops  be  vertical,  or  inclined,  or  curved,  if  their  size  remain  the 
same,  the  same  quantity  of  water  passes  through  two  horizontal  planes 
of  different  elevations.  As  numerous  observations  show  that  this  is  not 
the  case,  I  conclude  that  the  size  of  a  rain-drop  generally  increase  as 
it  descends. 

Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. — I  have  been  very  much  in- 
terested in  the  reading  of  Mr.  FitzGerald's  paper,  more  especially  as 
during  the  past  twelve  years,  at  difi"erent  periods,  I  have  spent  con- 
siderable time  in  examining  and  comparing  data  relative  to  the  flow 
of  water  from  drainage  areas.  I  do  not  know  of  any  work  of  this 
natvire  that  has  been  done  more  carefully  than  the  work  iipon  the 
Boston  Water  Works,  and  the  manner  in  which  the  results  have  been 
presented  by  Mr.  FitzGerald  seems  to  be  particularly  valuable  and 
instructive. 

The  following  table,  giving  results  from  a  number  of  European 
water-sheds,  which  I  have  compiled  from  some  data  that  I  have  at 
hand,  may  be  of  interest  for  comparison : 
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Table  showing  the  Flow  of  Watee  eeom   a  numbek   of  Eukopean 

Watee-Sheds. 


KlVERS,   ETC. 


River      Lee,     Hertfordshire 
Eogland 

Loch        Katrine,        District 

Scotland 

Loch        Lubnaig,       District 

Scotland 

Eiver     Bann,     and      Lough 

Neagh,  Ireland 

Brosna,       Ferbane,        River, 

Ireland 

River  Robe,  Mayo,  Ireland 
River  Saone,  France 


Average 
annual 
rainfall 

in 
inches. 


28.75 


Mean 

discharge 

per 

square 

mile. 


03.30 

362.0 

66.70 

225.7 

25.92 

91.8 

35.23 

99.0 

49.35 

128.9 

Per  cent. 

of 

raintall 

run  off. 


24 

79 

76 

78 

64 
60 

61 


Drainage 
area  in 
square 
miles. 


444. 

71.6 

69.7 

2205.0 

446. 
109.4 

11551.0 


Years 
in  which 
observa- 
tions were 

made. 


1851 
1852 
1856 


1847 

18.56 
(1852 
11856 
11851 
(1852 

( 1852     to 

1855, 
I  inclusive. 


*  Rainfall  average  of  twelve  stations. 


I  quite  agree  with  Mr.  FitzGerald  in  regard  to  the  unreliability  of 
some  of  the  earlier  records  of  rainfall.  I  can  recall,  among  others,  a 
series  of  observations  covering  nearly  half  a  century,  that  were  re- 
corded by  a  man  celebrated  for  his  scientific  attainments.  These  re- 
cords, that  were  concluded  in  1876  owing  to  his  decease,  have  many 
times  been  used  and  quoted  as  examples  of  the  early  rainfalls.  The 
gauge  used  for  making  the  observations  was  located  on  the  top  of  a 
fence  about  6  feet  above  the  ground,  and  the  snow  recorded  as  rain- 
fall was  simply  the  amount,  melted,  that  was  caught  in  the  gauge. 
Experiments  covering  a  number  of  years,  that  were  made  under  my 
direction,  show  that  at  this  elevation  a  gauge  collects  much  less  rain 
than  one  located  about  1  foot  above  the  ground,  also  that  more  or  less 
of  the  snow  that  enters  a  gauge  is  not  unfrequently  blown  out  before 
it  can  be  melted  and  measured.  The  results  that  I  obtained  indicate 
that  in  a  gauge  located  1  foot  above  the  ground,  and  the  snow 
measured  at  the  surface  of  the  ground  (by  cutting  out  and  melting 
a  section)  the  average  annual  rainfall  will  measure  at  least  13 
per  cent,  more  than  in  a  gauge  located  and  used  as  was  the  one  which 
I  have  just  mentioned. 

B.  W.  DeCourcy,  M.  Am.  Soc.  C.  E. — Mr.  FitzGerald's  interesting 
tables  of  rainfall  induce  me  to  write  the  following  on  the  rainfall 
and  phenomena  arising  therefrom  in  Washington  and  Victoria,  B.  C. 
I  send  some  extracts  from  the  records  of  the  different  stations  kindly 
furnished  me  by  the  observers  in  this  region.     They  will  be  found  to 
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vary  much  in  a  small  distance,  only  a  few  miles  in  joosition  making  a 
material  change. 

It  is  necessary  to  state  that  Mr.  FitzGerald's  remarks  as  to  the 
accuracy  of  observations  will  obtain  here  much  more  than  with  the 
region  he  treats  of,  as  many  of  the  observers  are  volunteers,  whom  the 


love  of  science  has  induced  to  devote  some  time  from  their  other  pur- 
suits to  this  interesting  subject.  Still,  the  rainfall  here  is  very  great, 
and  appears  to  be  influenced  by  different  causes. 

Beginning  on  the  foot  hills  of  the   Cascade  Range  of  mountains, 
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there  is  a  maximum  fall,  which  decreases  until  those  of  the  Olympic' 
are  reached  ;  but  thence  there  is  an  increase  until  the  maximum  is 
again  reached  at  Neah  Bay  or  the  capes,  at  the  entrance  to  the  Straits 
of  Juan  de  Fuca,  and  this  maximum  prevails  along  the  coast  and  -west 
of  the  Olympic  Mountains. 

This  entire  region  is  covered  with  a  dense  gi'owth  of  timber,  con- 
sisting of  the  Douglas  fir,  spruce,  cedar  and  tsuga-merteusiana  (com- 
monly called  hemlock,  though  quite  a  different  timber  from  the 
hemlock  of  Canada  and  the  east) ;  besides,  there  is  a  dense  gi-owth  un- 
derneath of  sallal,  vine  maple  and  small  woods,  so  comijletely  imper- 
vious to  wind  and  the  solar  rays,  that  there  is  scarcely  any  evaporation, 
and  this,  and  the  fallen  timber  hold  back  the  rainfall  from  the  streams 
and  deliver  it  so  gradually,  that  pronounced  freshets  are  quite  uncom- 
mon in  the  large  or  comj)aratively  large  streams. 

There  are  no  very  large  streams  in  this  State  west  of  the  Cascade 
Eange,  and  where  freshets  do  occur,  thay  are  caused  by  the  melting 
snow.  However,  the  entire  region  is  cut  Vl\)  with  small  creeks,  so  that 
a  40-acre  tract  -n-ill  be  found  watered  with  numerous  small  branches. 

I  have  paid  some  attention  to  the  rainfall  in  the  valley  of  the  Che- 
halis  (one  of  our  largest  streams),  which  discharges  into  Gray's  Harbor, 
and  has  a  water-shed  of  about  3  000  square  miles.  The  results  show 
the  smallness  of  the  evaporation.  When  Chief  Engineer  of  the  State 
Harbor  Line  Survey  of  the  different  harbors  forming  the  estuary  of  the 
Chehalis,  called  Gray's  Harbor,  I  gauged  the  river  and  measured  it 
accurately  in  several  jDlaces. 

Aberdeen,  Hogmain  and  Ocosta  show  a  rainfall  of  90.82  inches, 
which  is  about  that  of  the  entire  valley. 

The  rainfall  is  4  689  767  064  934  gallons.  At  the  river's  mouth  the 
average  current  is,   when  running  out  at  low  tide,  5  feet  i^er  second. 

Kaxntall,   1891. 


Neah  Bat. 

Post  Asgeles. 

Tacoma.          Abebdeen. 

Abeedees, 
1892. 

January 

15.93 

6.64 

9.80 

11.84 

.91 

6.17 

2.60 

2.11 

10.78 

10.06 

23.06 

23.91 

2.96 

.99 

2.43 

2.49 

1.53 

.94 

.00 

1.58 

2.35 

3.33 

3.20 

5.78 

5.33 
2.68 
2.75 
4.91 
1.92 
2.93 
0.05 
2.76 
4.17 
5.15 
7.63 
10.55 



4.57 
9.23 
2.75 
4.92 
1.21 
2.02 
8.52 

5.75 
4  95 

March 

April 

aiav 

July 

September 

6  69 

19.96                 

19.34                  

10.70         For  2  months. 
1892. 

123.81                   27.58                     50.88 

89.91                  

It 
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The  sectional  area  is  26  400  square  feet.  The  prevailing  winds  in 
■winter  are  southwesters ;  in  summer,  those  from  the  south  and  south- 
west bring  rain,  and  northwest  and  north  or  easterly,  clear  and  fine 
weather. 

Neah  Bay,  average  for  eight  years 104. 

Port  Angeles,  average  for  eight  years 28 .91 

Tacoma,  average  for  five  years 42 .  84 

Average  annual 
rainfall. 

Dayton,  Washington 27 .  75 

Fort  Canby ,  Washington 45 .  71 

Olympia 59.72 

Tatoosh 75 .  18 

Port  Townsend 17.00 

Portland,  Oregon 54.64 


Monthly  and  ANNUAii  KAiNFAiiL,  Victokia,  B.  C. 
In  Inches.     Ten  Years— 1881  to  1890. 


1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

Mean. 

3.84 
8.84 
1.57 
2.70 
1.48 
1.57 
0.90 
0.79 
0.82 
4.11 
5.25 
6.13 

2.28 
3.55 
4.02 
1,24 
0.53 
0.42 
1.24 
0.99 
0.59 
4.30 
3.32 
5.37 

5.67 
3.26 
1.56 
2.02 
0.74 
0.53 
0.06 
0.00 
1.65 
1.58 
6.03 
4.55 

5.25 
2.11 
0.38 
1.02 
0.73 
1.59 
0.48 
1.84 
1.66 
4.88 
1.60 
1.95 

9.15 
3.84 
0.32 
0.53 
1.30 
0.25 
0.06 
0.02 
4.00 
2.73 
3.47 
2.47 

3.09 
3.17 
2  94 
1.67 
0.45 
1.00 
0.80 

0  73 
1.59 
2.32 

1  92 
7.16 

6.58 
4.82 
5.36 
0.76 
1.32 
0.48 
0.27 
0.01 
I.IG 
2.75 
5.36 
9.18 

5.02 
1.77 
3.53 
2.26 
0.19 
2.23 
0.34 
0.42 
1.01 
3.35 
3.69 
1.96 

2.84 
1.12 
1.50 
1.83 
l.OI 
0.77 
0.00 
1.04 
2.33 
2.08 
1.76 
2.28 

3.54 
2.33 
1.50 
0.86 
0.98 
2.10 
0.64 
0.12 
0.33 
7.52 
1.74 
8.28 

4.72 

3.48 

2.27 

April 

1.49 

0.87 

1.09 

July 

0.48 

0.59 

1.51 

3.56 

3.41 

4.93 

37.99 

27.85 

27.65 

23.49 

28.14 

26.84 

38.05 

25.77 

18.56 

29.94 

28.41 

I  am  under  obligations  for  records  to  Mr.  C.  P.  Culver,  attorney  at 
law,  voluntary  observer,  at  Tacoma  ;  Mr.  Irvine,  at  Port  Angeles  ; 
Mr.  Charles  Addie,  at  Neah  Bay;  and  Mr.  Mack,  at  Aberdeen.  Also  to 
Mr.  A.  L.  Going,  C.  E.,  at  Victoria. 

I  am  indebted  to  R.  R.  Ball,  Captain  and  Assistant  Surgeon  U.  S.  A. , 
for  the  record  of  rainfall  at  Port  Townsend,  Washington,  as  given 
below.     Mr.  Ball  is  Surgeon  of  the  Post. 
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Monthly  rainfall  at  Port  Townsend,  Washington,  from  July 
l8t,  1891.  to  June  30th,  1892. 


1891. 


July 

August 

September 
October  . . . 
November. 
December. 


.38 
2.52 
1.78 
1.12 
3.30 
5.3i 


1892. 


January.. 
February 
March. . . , 

April 

May , 

June 


25.12  inches  total  for  year. 


Inches. 


1.35 
1.7« 
1.86 
2.42 
2.90 
.37 


!Month)y  average  rainfall 
and  melted    snow  for 
j    past  ten  years. 


Year. 


1882 
1883 
1884 
1885 
188(> 
1887 
1888 
1889 
1890 
1891 


Inches. 


2.02 
1.68 
1.63 
1.38 
1.H3 
1.56 
2.03 
1.25 
1.66 
2.08 


Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E. — The  sxibject  tliat  Mr.  Francis 
has  touched  upon  is  one  that  is  of  national  importance.  I  think  this 
is  a  question  which  we  should  take  a  little  time  to  consider  in  conse- 
quence of  its  humanitarian  aspects.  "We  want  to  do  as  much  as  we 
can  to  alleviate  distress  from  floods. 

I  have  recently  prepared  a  paper  on  the  subject  of  the  Mississippi 
problem  for  the  Engineeinng  Magazine,  expecting  to  bring  the  ques- 
tion up  for  discussion  at  another  time;  but  as  it  seems  to  me  to  be  ger- 
mane here,  with  the  consent  of  the  Society,  I  will  give  a  few  abstracts 
from  it. 

"  In  the  voluminous  discussions  and  hearings  upon  this  oft-mooted 
subject,  no  one  has  ever  attempted  to  show  that  the  amount  of  sedi- 
ment ejected  from  the  river's  mouth  at  all  approximates  to  that  received 
from  the  tributaries  or  eroded  from  its  banks  and  bed,  yet  it  is  a  self- 
evident  proposition  that,  unless  these  two  quantities  be  equal,  there 
must  be  an  annual  and  permanent  deposition  in  the  bed  of  the  stream, 
causing  that  bed,  taken  in  toto,  to  rise.  This  opinion  has  been  feel- 
ingly denied,  and  it  is  even  attempted  to  prove  that  the  beds  of  the 
far-famed  Po,  Danube,  Yellow,  Ganges  and  other  alluvial  streams  of 
lesser  extent  are  not  rising. 

"  In  a  state  of  nature  the  river  has  provided  its  own  '  dump  '  by 
overflowing  the  wide  valley  through  which  it  flows,  drojaping  its 
heaviest  sediment  nearest  its  edges,  and  building  up  a  traverse  highest 
near  the  brink,  sloping  away  from  the  borders  to  the  lower  swamps 
and  bayous  beyond.  Thus  the  rich  alluvial  territory  from  Cairo  to  the 
Gulf  has  been  constructed  out  of  the  terrane  from  the  mountains,  and 
an  ample  dump  has  been  furnished  for  the  silt-bearing  stream;  but  if 
the  river  be  leveed  along  its  entire  course,  and  be  comi^elled  to  bear  its 
burden  over  these  thousand  miles,  it  will  not  be  found  able  to  cut 
deeper  when  surcharged  with  sediment,  but  it  will  drop  its  load  in 
every  available  pool  or  bend  at  high  water,  and  assuredly  and  rapidly 
raise  its  bed. 

"  The  remedy  suggested  by  a  Southern  author  is  to  open  up  the 
lateral  streams  and  divert  some  of  the  flood  waters  through  more  direct, 
shorter  and  steeper  channels  to  the  Gulf,  the  same  as  has  been  so  fre- 
quently urged  by  Captain  Cowden  under  the  name  of  the  '  outlet '  sys- 
tem, and  which  has  been  so  vigorously  opposed  by  many  engineers  em- 
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ployed  on  the  river,  because- of  the  alleged  formation  of  bars  below  the 
outlets.  This  feature,  however,  is  even  now  being  carefully  studied  by 
some  members  of  the  corps  of  engineers  in  charge  of  sections  of  the 
river,  and  the  data  thus  far  collected  would  seem  to  show  very  grave 
doubts  iipou  the  supijosed  injury  to  the  lower  reaches  from  the  outlets. 

"  Following  Nature's  method,  however,  and  compromising  with  the 
land  owner,  it  woixld  seem  practicable  to  provide  a  sufficient  number 
of  large  lateral  subsiding  basins  or  lakes  by  enclosing  extensive  areas 
at  intervals  where  the  topography  admitted  of  economical  construction, 
into  v/hich  the  flood  waters  could  escajje,  and  in  which,  the  velocity 
being  reduced,  a  large  part  of  the  silt  would  be  preciiDitated,  while, 
after  the  jaassage  of  the  crest  of  the  flood-wave,  the  clearer  Avaters  from 
the  reservoirs  would  return  to  the  river  and  become  useful  for  naviga- 
tion. In  short,  instead  of  serving  the  sole  purpose  of  maintaining  the 
water  supply  for  low  stages,  as  do  the  reservoirs  in  the  upper  Missis- 
sippi, they  would  also  reduce  the  rate  of  raising  the  bed  by  providing 
lateral  dumijing  grounds  outside  of  the  bed  of  the  stream,  and  would 
also  reduce  the  flood  plane  and  dangers  from  inundations.  There  are 
numerous  places  on  the  river  where,  by  making  return  dikes  extending 
back  to  the  bluff's,  many  square  miles  of  land,  now  of  little  value,  might 
be  utilized  for  such  safety  valves  for  the  river,  with  substantial  benefit 
and  at  a  comjDaratively  small  cost. 

"  With  reference  to  the  probable  eff'ects  of  the  lateral  or  outlet  plan, 
while  there  is  no  grand  precedent  for  it,  there  are  many  instances  which 
would  point  strongly  to  its  success,  and  one  of  the  best  which  has  re- 
cently fallen  under  my  observation  is  to  be  foiind  in  the  lowering  of 
the  flood  plane  of  the  Tyne,  in  England,  due  to  the  removal  of  bars 
and  obstructions  at  its  mouth  and  along  its  lower  reaches  as  far  as 
Newcastle. 

"Captain  Cowden  has  reduced  his  outlet  theory  to  the  ajihorism 
'  make  the  overflow  greater  than  the  inflow  and  there  can  be  no  over- 
flow. '  In  applying  it  he  proposes  to  cut  off  a  i^ortion  of  the  inflow  by 
conducting  it  through  lateral  channels  to  the  Gtilf  and  thus  preventing 
the  tributary  sediment  from  ever  entering  the  main  stream.  This,  cer- 
tainly, is  a  desirable  feature  which  appears  to  have  been  overlooked. 

"  It  does  not  apjjear  rational  to  exj^ect  any  permanent  imjn'ovement 
to  a  stream  until  the  obstructions  at  its  mouth  be  reduced  and  the  sur- 
face slope  in  its  lower  reaches  be  increased,  whether  these  obstructions 
be  in  the  nature  of  mud  or  of  water  fed  by  tributary  courses.  The 
systematic  improvement  of  the  river  must  treat  the  problem  as  a  Avhole, 
and  provide  at  high  stages  for  the  rapid  emptying  of  its  basin  at  the 
outlet,  the  retardation  of  its  filling  by  its  tributaries,  provision  for 
deposition  of  its  load  and  temjDorary  escape  of  its  excess  of  water  along 
its  course;  while  for  the  low  water  stages  for  navigation  the  stream 
must  be  canalized  so  far  as  j)racticable  to  retain  a  nearly  uniform 
velocity." 

B.  M.  Haekod,  M.  Am.  Soc.  C.  E. — I  want  to  say  a  few  words,  not  in 
discussion  of  Mr.  FitzGerald's  interesting  paper;  but  in  reply  to  re- 
marks relative  to  the  Mississippi  River,  made  i^art  of  that  discussion 
by  Professor  Haupt.  In  these  remarks,  as  I  understand  them,  there  was 
suggestion  made  of  relief  from  great  floods  by  the  diversion  of  tribu- 
taries and  by  the  use  for  storage  reservoirs,  of  the  great  basins 
which  lie  on  either  side  of  the  river. 

The  further  diversion  of  any  of  the  tributaries  presents  insuj)erable 
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dilficulties  The  Red  Eiver  is  already  diverted  from  the  Mississippi, 
abont  6  miles  from  its  mouth,  into  and  through  the  Atchafalava. 
The  flood  discharge  of  the  Eed  Eiver  is  abont  200  000  cubic  feet  per 
second  while  the  Atchafalava  has  a  flood  discharge,  approximating 
t^ice  that  quantity.  The  latter  stream  therefore  serves  not  onlv  to 
divert  the  Red,  but  also,  in  emergency,  as  an  outlet  to  the  Mississippi 

Thl  M  '  "^""^1\^^'  *^^  ^^i^-^^-«io^  of  any  one  of  the  tributaries  of 
tne  Mississippi  River  is  impracticable. 

To  divert  any  other  of  them  would  involve  a  cut  hundreds  of  feet 
deep,  hundreds  of  feet  wide,  and  hundreds  of  miles  long,  or  an  under- 
taking gTeater  than  the  construction  of  the  Suez  Canal.  An  examina- 
tion of  the  Lopography  of  the  valley  will  establish  this 

Regarding  the  use  of  the  great  alluvial  basins  as  reservoirs  for  sur- 
plus flood  water,  there  are  difficulties  of  a  different  character.  The 
ands  m  these  basins  are  owned,  under  valid  titles,  bv  states,  corpora- 
tions and  individuals.  Many  of  them,  which  would  be  submerged  in  a 
reservoir,  have  much  value,  and  are  in  successful  cultivation.  It  is  cer- 
tainly true  that  all  these  lands  are  steadily  appreciating.  The  Yazoo 
Basin  IS  now  substantially  reclaimed  from  overflow,  and  the  value  of 
the  lands  therein  has,  in  many  cases,  if  not  generally,  increased  500 
per  cent.,  and  homes  and  occupation  have  been  given  to  a 
steadily  increasing  industrial  population.  The  owners  have  in  view 
therefoi^  plans  other  than  this  abandonment  as  overflow  reser- 
voirs.    They  propose  to  complete  their  reclamation 

But  I  want  more  particularly  to  speak  of  the  engineering  objec- 
lonsto  such  a  project.  It  is  not  established  that  general  relief  is 
found  by  using  these  basins  as  reservoirs  to  receive  and  hold  back 
tor  a  time,  the  water  overflowing  into  them  from  great  floods.  An 
examination  of  the  gauge  record  shows  that,  at  the  mouths  of  the 
tiibutaries  draining  these  basins  back  into  the  Mississippi,  the  highest 
leadings  have  been  reached  when  a  great  overflow  was  returned  t!  the 
main  trunk,  and  that  while  the  improvement  or  completion  of  a  le  ^e 

ZT  f ";,  ?  ^"*  '^'^''  *^^  ^"^^-^^^^  ^^  fl-^^  ^-g^ts  along  those 
parts  o  the  fronts  of  the  basin  where  overflow  had  pre^iouslv 
occurred,  yet  that  the  transmission  of  the  entire  flood  between  levees 

of  the  tiibutaries.  The  use  of  the  basins  as  reservoirs  does  not,  there- 
fore serve  as  a  general  relief  from  excessive  flood  heights,  and  it  cer- 
tainly would  not  from  overflow,  .a  it  cei 

sion  l^n^*.^''^*^'  T"""  ''^"^^  underlying  Professor  Haupt's  discus- 
Wil'tln  f|  "'  "\'\'  Mississippi  River  is  rising.  Observations 
beaiing  upon  this  point  have  been  systematicallv  made  for  the  past 

W  r  ^'T.'  f  ^  '  ^'^  ^°"  ^'^'''  8-"^^8-^  "^^'^'^  ^-t^-^^  l^'-^^k  about 
tfon  o  r!/^'.^"""\  ^'  ^^'  ''  ^— '  i-P--^^le  that  this  dues- 
time  ,  !  T  ^'  ^^^I'^-^^^i^^  of  ^ed  can  be  settled  in  so  brief  a 
time,  but  It  IS  safe  to  say  that,  as  far  as  these  observations  go,  thev 
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afford  no  evidence  of  any  general  or  progressive  rise  of  the  bed  of  the 
river.  They  do  indicate  that  below  crevasses  or  outlets  there  is  a 
loss  of  depth  and  section,  and  that  the  closing  of  these,  by  rebuilding 
the  levees,  tends  to  restore  the  previous  capacity  of  the  bed. 

Other  facts  seem  to  connect  the  existing  elevation  of  the  bed  of 
the  river  with  the  volume  held  within  the  banks.     It  has  always  been 
observed  that  the  range  between  high  and  low  water  is  different  in 
different  parts  of  the  river.     It  is  greatest  at  or  about  the  mouth  of  a 
tributary  when  its  natural  discharge,  together  with  the  return  of  over- 
flow into  the  basin,  is  added  to  the  volume  of  the  main  river.     It  is  less 
along  the  front  of  the  basins,  where  the  discharge  is  decreased  by  loss 
of  vohime  over  the  banks.     In  general  figures  the  flood  discharge  and 
the  range  from  low  to  high  water  are  both  one-fourth  greater  at  the 
mouths  of  the  tributaries  than  they  are  at  intermediate  points  along 
the  front  of  the  basin,  or  43.5  and  35.3  respectively.     In  plotting  the 
low  and  high  water  slopes,  it  is  found  that  the  high  water  line  is  quite 
regular  when  compared  with  that  of  low  water,  which  has  dejjressions 
where  the  flood  volume  is  greatest   and   elevations   where  the  flood 
volume  is   less.     In  other   words,  the  irregularity  of  the  low  water 
line,  which  generally  conforms  to  the  shajje  of  the  bed,  follows  the 
depressions  of  the  bed   where  there  is  greater,  and  the  elevation  of 
bed  where  there  is  the  less  flood  discharge.    This  relation  of  elevation 
of  bed  to  flood  volume  was  among  the  earliest  observations.     There  is  no 
evidence  that  it  is  progressive.    'On  the  other  hand,  there  is  no  evidence 
that  the  maintenance  of  a  more  nearly  uniform  flood  discharge  through- 
out the  length  of  the  river  by  levees  has  yet  caused  any  greater  uni- 
formity of  bed  level,  although  it  is  reasonable  to  expect  such  a  result. 
Desmond  FirzGEKAiiD,  M.  Am.  Soc.  C.  E. — It  is  not  entirely  correct 
to  say  that  no  account  has  been  taken  in  my  tables  of  the  storage  in 
the  ground,  for  the  reason  that  more  or  less  of  this  action  has  entered 
into  the  measurements   of  the   Sudbury   River   in   the  past  sixteen 
years,  due  to  the  drawing  down  of  the  reservoirs  and  Whitehall  Pond 
during  the  summers.     It  was  not  from  lack  of  some  information  on 
this  subject,  however,  that  I  decided  not  to  make  a  separate  account 
of  it  in  the  tables.     The  soils  surrounding  reservoir  sites  differ  so  much 
in  character  and  the  situations  of  the  reservoirs  themselves  affect  this 
question  to  such  a  degree  that  it  seems  to  me  best,  in  the  lack  of  ade- 
quate data,  to  leave  any  such  allowance  to  the  judgment- of  the  engineer 
rather  than  to  attempt  to  complicate  an  already  complicated  problem 
with  such  a  variable  and  uncertain  factor. 

The  following  experiment  was  made  under  my  direction  to  determine 
exactly  what  additional  water  was  received  from  the  storage  in  the 
ground  in  the  case  of  Basin  No.  4  of  the  Boston  Water  Works,  situated 
on  the  Sudbury  water-shed. 

This  reservoir  of  162  acres  has  a  surveyed  water-shed  of  6.434 
square  miles,  including  the  reservoir.     Its  situation  is  high  rather 
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than  low,  and  the  geographical  formation  is  unmodified  drift.  Its 
water  comes  almost  entirely  from  a  feeder  at  one  end  of  the  basin  and 
so  is  favorably  situated  for  the  experiment.  A  weir  20  feet  wide  was 
erected  at  the  inlet,  with  a  smaller  weir  for  measuring  summer  flows, 
and  a  self-recording  gauge  registered  continuously  the  amount  of  water 
entering  the  reservoir.  The  area  of  the  water-shed  above  the  river  was 
5.466  square  miles,  including  the  reservoir,  which  left  only  0.968  square 
mile  of  contributing  water-shed  arouud  the  margins  unmeasured.  It 
was  assumed  that  this  area  gave  a  pro  rata  supply.  Eain  and  evapora- 
tion gauges  were  erected,  the  latter  a  floating  gauge  properly  exposed. 
It  will  be  impossible  in  the  limits  of  this  discussion  to  give  the  details 
of  the  experiment,  which  covered  a  period  of  six  months,  during  which 
the  reservoir  was  drawn  down  12  feet.  The  following  table,  however, 
shows  the  results  of  the  measurements  and  estimates: 

ExPEKIME>fT   TO   DETERMINE    THE    YrF.T>T)    OF    THE   WaTEE    TaBIiES     SuB- 

EoxuTDiNG  Basin  4. 


Date  of  Periods. 

July  1-16. 

July  16-Sept.  27. 

Sept.  27-Oct.  7. 

Oct.  7-Jan.  1. 

Grades 

214.81  to  214.84 
15 

9  952  000 
1  287  000 

4  510  000 
6  617  000 

5  960  000 
1  886  000 

12  870  000 

214.84  to  202.91 

73 

52  808  000 

7  062  000 

38  800  000 

66  826  000 

704  920  000 

7  696  OOn 

43  350  000 

202.91  to  202.93 

10 

2  618  000 

366  000 

516  000 

2  864  000 

202.93  to  207.85 

Days 

Flow  over  weir — gallons. . 
Flow  from  land  below  weir 
Eainfall  on  water  surface. 
Water  Irom  water  tables.. 

Drawn  through  gates 

Leakage  (measured)  

86 
190  950  000 
26  515  000 
39  825  000 

siV  boo 

4  687  000 

7  866  000 
22  365  000 

Contributed      to       water 

3  099  000 

Storage — gained  or  lost. . 

-fl  650  000 

—590  470  000 

+860  000 

-f-223  960  000 

From  this  experiment  it  was  assumed  that  if  the  water  had  been  kept 
at  a  uniform  level,  there  would  have  been  a  uniform  subterranean  flow 
into  the  basin  of  300  000  gallons  per  day,  derived  from  rain  percolating 
through  the  ground  ;  and  with  this  allowance  the  water  tables  con- 
tributed to  the  storage  capacity  of  the  reservoir  44  900  000  gallons, 
while  it  was  falling  12  feet.  If  these  figures  are  correct,  and  no  expense 
was  spared  to  get  at  the  truth,  then  the  storage  capacity  of  the  reser- 
voir to  the  12-foot  contour,  viz.,  590  470  000  gallons,  received  less  than 
8  per  cent,  additional  supply  from  the  water  tables.  It  is  obvious, 
however,  that  this  figure  would  be  very  much  larger  in  the  case  of  a 
reservoir  situated  in  low  gravelly  ground  ;  and,  on  the  other  hand,  less 
in  a  rock  formation. 

Admitting  that  there  is  a  considerable  accession  to  the  storage  from 
the  water  tables  surrounding  a  reservoir,  the  question  now  arises,  will 
it  not  be  better,  save  perhaps  in  exceptional  cases,  to  ignore  this  storage 
in  order  to  be  on  the  safe  side. 

The  sixteen  years  during  which  the  Sudbury  has  been  measured 
contained  a  remarkably  dry  period,  as  I  have  already  pointed  out;  and 
in  this  lies  the  great  value  of  the  results  contained  in  the  table  and  dia- 
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gram  for  storage  capacity  ;  but  is  it  not  i^resumiatuous  to  sTii^iJOse  that 
no  greater  jieriod  of  drought  will  occur  in  the  future  ?  And  is  it  not 
better  to  have  the  additional  help  of  the  water  tables  against  such  a  con- 
tingency, rather  than  to  cut  down  the  capacity  of  the  storage  as  out- 
lined in  the  paper  under  discussion  ?  Again,  it  is  always  wise  to  have  some 
water  left  in  the  bottoms  of  our  storage  reservoirs  for  sanitary  reasons. 

Mr.  Stearns  has  shown  so  well  the  agreement  of  our  figures, 
although  made  on  a  different  basis,  that  I  will  not  dwell  on  this  point. 

Having  found  from  toi^ographical  surveys  and  carefiil  studies  of  the 
Sudbury  River  Water-Shed,  that  it  will  be  possible  to  secure  a  total 
storage  of  19  671  000  000  gallons  on  75.199  square  miles  of  water-shed, 
or  262  000  000  gallons  storage  per  square  mile,  with  9  per  cent,  water 
surface,  and  providing  in  time  of  greatest  drought  a  daily  draft  of 
785  000  gallons  per  square  mile,  with  a  total  daily  draft  of  59  000  000 
gallons  from  the  75. 199  square  miles,  and  at  a  reasonable  cost,  I  am  led 
to  believe  that  it  will  be  found  practicable  and  wise  in  some  cases  to 
develop  a  water-shed  to  this  amount,  but  I  cannot  agree  with  Mr, 
Herschel,  when  he  calls  this  a  moderate  development  of  a  water-shed. 

Professor  Merriman  will  find  in  the  literature  on  the  subject,  j^ub- 
lished  in  England,  very  full  discussions  and  theories  to  account  for  the 
fact,  which  is  undisputed  in  that  country  among  experts,  that  the 
records  of  elevated  gauges  are  untrustworthy.  To  satisfy  myself  in  re- 
gard to  the  matter,  I  once  had  a  series  of  towers  built  up  to  60  feet  in 
height,  on  which  were  jalaced  rain  gauges  specially  designed  for  the 
pTirpose  of  accurate  observations,  and  which  have  been  favorably  men- 
tioned in  the  reports  of  the  Signal  Bureau.  There  were  nine  gauges, 
from  the  surface  ujDwards,  placed  so  as  not  to  interfere  with  each  other, 
and  daily  observations  were  taken  for  three  years,  together  with  the 
velocity  of  the  wind.  The  results  convinced  me  that  there  was  no 
doubt  about  the  inaccuracy  of  the  elevated  gauges.  The  total  rainfall 
collected  at  the  height  of  60  feet  was  about  82  per  cent,  of  that  collected 
at  the  ground  level.  It  does  not  require  these  facts,  however,  to  con- 
vince us  of  the  accuracy  of  the  statement  made  at  the  bottom  of  page  254 
of  my  paper.  It  is  only  necessary  to  compare  the  observations  made  on 
the  tops  of  high  buildings  with  the  observations  made  in  gauges 
properly  exposed  on  the  ground  in  the  same  region,  and  which  agree 
very  well,  even  when  several  miles  intervene,  to  become  satisfied  on 
this  point.  I  believe  the  Signal  Service  ofiicers  will  aiso  endorse  my 
statements.     The  wind  is  probably  at  the  root  of  the  trouble. 

Mr.  Gould's  discussion  in  regard  to  spill-ways  is  interesting,  but  I 
suggest  that,  in  the  majority  of  situations  in  which  water-works  dams 
are  situated,  it  is  wrong  to  depend  upon  the  core  wall  to  save  an  earthen 
dam  in  times  of  freshet ;  and,  after  all,  would  it  not  be  cheaper,  consid- 
ered merely  as  a  matter  of  dollars  and  cents,  to  make  the  spill-way  of 
ample  capacity,  rather  than  to  shorten  it,  and  repair  the  dam  whenever 
it  is  overtopped  ? 
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TEST  OP  POWER  REQUIRED  TO  DRIVE  ELECTRIC 
STREET  CARS,  AND  TOTAL  EFFI- 
CIENCY OP  MOTOR.* 


By  Louis  B.  Bontshett,  Jun.  Am.  Soc.  C.  E. 
Beat)  September  7th,  1892. 


The  tests  cTescribecT  in  this  paper  were  made  by  the  writer  and  Mr. 
Wallace  M.  Hill,  on  the  Sea  Shore  Electric  Bailway  at  Asbury  Park, 
N.  J. ,  in  the  summer  of  1889,  the  object  being  to  obtain  a  measure  of 
the  power  taken  from  the  wires  to  drive  a  car  under  average  conditions 
of  service,  and  in  the  efficiency  test  to  obtain  the  total  efficiency  of  the 
motor,  that  is,  inclusive  of  friction  of  shafts,  gearing  and  axles.  The 
figures  obtained  were  the  ratio  of  the  power  delivered  at  the  circum- 
ference of  the  dri\dng  wheels  to  that  taken  from  the  wires,  and  rejare- 
sent  the  commercial  efficiency  of  the  car. 

The  instruments  used  in  making  the  car  tests  were,  an  Ayrton  and 
Perry  ammeter,  and  a  Weston  direct  reading  voltmeter;  in  addition  to 

*  Discussions  on  this  paper  will  be  received  until  November  15th,  1892,  and  published  at 
a  later  date. 
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these,  in  the  efficiency  tests,  two  sirring  balances  of  400  and  120  pounds 
capacity,  respectively,  which  formed  part  of  a  differential  Prony  brake 
and  a  speed  counter,  were  used.  The  ammeter  and  voltmeter  had  been 
carefully  standardized  just  previous  to  the  tests,  and  the  spring 
balances  tested. 

The  road  was  built  by  the  Daft  Electric  Co.,  and  was  of  the  over- 
head trolley  system,  having  a  double  conductor  giving  a  complete 
metallic  circuit,  the  main  and  return  •wires  being  suspended  on  poles 
on  either  side  of  the  street  and  connected  with  the  trolley  wires  in  the 
center  at  each  pole.  The  track  was  in  good  condition  except  where 
covered  with  sand  and  clay  from  the  streets;  average  grade  about 
1  per  cent. ;  minimum  curve  radius,  50  feet.  The  line  is  about  3 J  miles 
in  circuit,  single  track  with  turnouts,  and  the  schedule  speed  including 
stops  8  miles  per  hour. 

The  car  on  which  the  tests  were  made  was  of  the  open  summer  pat- 
tern, weighing  complete  about  6  600  pounds.  The  motors  were  of  the 
Gramme  type,  designed  for  220  volts  pressure,  series  wound  and  rated 
by  the  builders  at  20  horse-power.  The  frame  of  the  motor  truck  con- 
sisted of  two  I  bars  bent  in  the  shajse  of  a  fork  or  U>  the  forward 
ends  of  which  supj)orted  the  driving  axle,  the  motor  and  gearing  being 
supported  between  the  body  of  the  U-  These  I  bars  are  joined  at  the 
base  of  the  [J,  and  from  their  junction  a  bar  projects  which  has  at  its 
end  a  journal,  carried  in  a  swivel  held  between  two  collars  on 
the  center  of  the  follower  axle,  this  arrangement  giving  considerable 
flexibility  to  the  frame.  These  motors  were  provided  with  carbon 
brushes  permitting  rotation  of  the  armature  in  either  direction  with- 
out change.  The  field  was  wound  with  three  sets  of  windings,  primary, 
secondary  and  tertiary,  variations  of  power  being  obtained  by  making 
connection  with  one,  two,  or  all  three  of  these  coils. 

Connection  was  made  from  the  car  to  the  overhead  conductors  by 
means  of  a  small  four-wheeled  traveler  or  trolley,  of  which  the  two 
wheels  on  one  side  run  on  the  positive  and  those  on  the  other  on 
the  negative  wire,  the  two  sides  being  insulated  from  each  other.  From 
this  trolley  two  flexible  conductors  covered  with  rubber  tubing  ran 
down  to  the  opposite  ends  of  an  insulated  holder  or  mallet,  which  could 
be  inserted  at  will  between  two  metallic  clips  on  the  hood  of  the  front 
platform  of  the  car.  From  these  clips  two  wires  ran  around  the  top  of 
the  hood,  down  under  the  floor,  forward,  and  up  to  a  switch  on  the 
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platform.    The  lever  of  this  s-^-itch  box  could  be  placed  at  ■w'ill  at  "  off  " 
or  first,  second  or  third  notch,  forward  or  back. 

In  making  the  car  tests  the  voltmeter  was  connected  in  shunt 
circuit  by  two  fine  wires  to  the  main  wires  on  opposite  sides  of  the  two 
clips  mentioned.  The  ammeter  was  put  in  direct  circuit  by  cutting 
one  of  the  main  vnres  where  it  entered  the  car  ;  the  instruments  were 
placed  on  one  of  the  front  seats  of  the  car  where  the  observers  could 
read  them  at  will.  The  figures  for  the  electric  horse-power  taken  from 
the  wires  given  in  the  following  tables  were  obtained  by  the  formula 

'    '  =  H.  -P. ,  in  which 
74b 

C  =  Current  in  amperes 

S  =  Electromotive  force  in  volts,  and 

746  :=  Constant. 

The  results  of  the  tests  are  given  in  the  following  table : 

TABLE  No.  1. 


Number 

of 

test. 

Readings 
taKen. 

Mean 
Electric 
horse- 
power. 

3 

41 

7.06 

4 

41 

7.18 

5 

52 

7.20 

6 

32 

5.96 

7 

29 

7.70 

8 

24 

8.62 

Passengers, 
average. 


I     Run  most  on  3d  notch;  motor  new  and 

( stiff;  special  trip. 

(     Run  most  on  3d  notch;   motor  new  and 

( stilf ;  special  trip. 

(     Run  most  on   3d  notch;   motor  new  and 

( stiff;  special  trip. 

Run  on  2d  and  1st  notch ;  car  in  regular 
service;  readings  spaced  to  give  average  of 
regular  trips. 

Run  most  on  Ist  notch;  readings  taken  for 
high  power,  exerted  on  starts  and  curves. 

Run  most  on  1st  notch;  readings  taken  for 
high  power,  exerted  on  starts  and  curves. 


All  of  these  tests  were  made  on  the  same  car,  and  each  represents 
the  average  of  readings  on  one  round  trip;  the  first  three  in  the 
table  were  made  on  the  first  trips  with  the  new  motor  with  which 
all  the  cars  on  the  line  were  being  fitted,  and  as  the  journals  and 
gearing  were  new  and  stifi",  gave  a  higher  figure  for  the  power  used 
than  in  test  6,  which  was  the  best  one  made.  In  tests  7  and  8,  more 
attention  was  paid  to  getting  readings  of  maximum  power  taken  at 
starting,  and  while  rounding  the  sharp  curves,  on  which  the  tracks 
were  often  covered  with  sand,  consequently  their  average  figures  out 
higher  than  it  should  for  a  fair  test  over  the  whole  circuit. 
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Tlie  full  record  of  test  No.  6  is  given  in  Table  No.  2;  in  tliis 
test  the  readings  were  taken  as  nearly  as  possible  at  equal  intervals, 
except  15,  27,  30  and  36,  which  show  the  large  amount  of  power  exerted 
to  start  the  car  (which,  with  the  passengers,  weighed  about  7  500 
pounds)  into  full  speed  in  about  its  own  length,  on  a  sandy  track. 

TABLE  No.  2. 


Volts. 

Amperes. 

Horse- 
power. 

Eemahks. 

1 

212 

41.7 

11.85 

Curve  (1). 

2 

216 

11.6 

3.35 

•<        •< 

3 

208 

13.9 

3.87 

;;    (2). 

4 

208 

25.5 

7.10 

5 

212 

11.6 

3.32 

Level. 

6 

212 

18.5 

5.2.1 

Up  grade,  1st  notch. 

7 

216 

13.9 

3.97 

Dowu  grade,  Ist  notch. 

8 

216 

7. 

2.0i 

.1                •< 

9 

216 

9.3 

2.73 

Up  grade,            " 

10 

192 

9.3 

2.39 

On  bridge,  2d  notch. 

11 

208 

20.8 

5.79 

Level,  faster,  " 

12 

208 

18.5 

5.18 

i<            ..       << 

13 

208 

23.2 

6.46 

Curve  (3), 

14 

200 

27.8 

7.45 

<i        •<           .< 

16 

184 

97.2 

*23.84 

Start,  on  turnout  (1),  1st  notch. 

16 

216 

18.5 

5.35 

Level,  2d  notch. 

17 

212 

20.8 

5.91 

«.          •< 

18 

204 

32.4 

8.86 

Curve  (4),  Ist  notch. 

19 

192 

27.8 

7.16 

<<               << 

20 

192 

13.9 

3.57 

Level,            " 

21 

210 

16.2 

4.56 

"               " 

22 

192 

15.4 

3.96 

<<               i< 

23 

229 

0. 

Stop,  power  off. 

24 

208 

16.2 

4!57 

Level,  1st  notch. 

25 

208 

50.9 

14.19 

Starting,  " 

26 

184 

34.7 

17.43 

Curve  (5),  let  notch. 

27 

208 

83.3 

*23.22 

Start,  slight  down  grade,  1st  notch. 

28 

210 

25.5 

7.17 

Level,  dirt  on  track,  Ist  notch. 

29 

192 

16.2 

4.17 

<•         i<        •<                << 

30 

188 

97.2 

*24.49 

Start,  2d  notch. 

31 

204 

20.8 

5.68 

Level,     " 

32 

196 

27.8 

7.30 

Curve,  down  grade,  21  notch. 

33 

200 

25.5 

6.90 

«                 >t                ■• 

34 

'     200 

27.8 

7.45 

Up  grade,  2d  notch. 

35 

212 

39.4 

11.19 

Curve,  down  grade,  2d  notch. 

36 

192 

97.2 

*24.95 

Start  on  curve  (6),  Ist  notch. 

37 

208 

26.8 

7.47 

Up  grade,  Ist  notch. 

Striking  out  15,  27,  30  and  36,  the  average  horse-power  used  was 
5.96. 

In  running  at  average  speed  on  a  level  track,  from'3  to  4  horse-power 
was  used. 

Efficiency  Tests. — The  eflficiency  of  any  motor  is  the  ratio  of  the 
useful  work  obtained  to  the  power  expended  in  obtaining  it;  thus  in 

the  case  in  point. 

_  „  .  „   Electric  horse-power  taken. 

"^   ^  Mechanical  horse-power  f^ven  out. 
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To  obtain  the  efficiency  of  the  motors,  the  electric  horse-power 
taken  was  calculated  in  the  same  manner  as  in  the  car  tests;  bnt  to 
get  at  the  mechanical  horse-power  given  out  at  the  wheels,  a  diflfer- 
ential  rope  Prony  brake  was  used.  The  motor  tested  was  a  new  one 
that  had  not  been  placed  under  its  car;  the  rear  axle  was  disconnected 
from  the  frame,  and  the  frame,  together  with  the  motor,  gearing, 
driving  wheels,  etc. ,  was  blocked  up  off  the  ground  on  dry  pine  block- 
ing and  braced  in  different  directions  to  hold  it  steady  when  run. 
The  electric  connections  were  made  in  the  same  general  way  as  in  the 
car  test,  a  special  switch  and  connections  being  used. 

The  Prony  brake  was  applied  to  the  driving  wheel  nearest  the  gear- 
ing, to  neutralize  the  bending  strain  on  the  axle  and  to  get  rid  of  the 
necessity  of  using  two  brakes.  The  construction  of  the  brake  was  as 
follows :  a  secondary  flange  consisting  of  an  iron  ring  of  the  exact  size 
of  the  tread  of  the  driving  wheel  was  forced  on  its  outer  edge,  making 
a  groove  about  2  inches  wide  and  half  an  inch  deep  around  its  circum- 
ference; a  half -inch  rojse  was  given  two  turns  around  the  circumfer- 
ence of  the  wheel  in  this  groove,  and  its  ends  brought  up  vertically 
and  attached  to  two  spring  balances,  which  were  suspended  from 
a  framework  directly  over  the  tread  of  the  wheel.  These  spring  bal- 
ances were  attached  to  long  threaded  hooks  with  thumb  screws  on  the 
upper  side  of  the  framework  by  which  the  tension  on  the  rope  could  be 
varied  at  will. 

In  making  the  tests,  tension  was  jiut  on  the  brake  by  means  of 
the  thumb  screws;  and  when  the  revolutions  had  become  constant, 
the  test  was  started.  Simultaneous  readings  of  the  brake,  on  and  off 
sides,  voltmeter  and  ammeter,  were  taken  at  regular  intervals,  and  the 
total  number  of  revolutions  was  observed  at  the  finish. 

The  following  table  (Table  No.  3)  gives  the  results  of  the  tests.    The 

first  column  gives  the  number  of  the  test;  the  second,  the  duration 

of  the  same;  the  third,  the  total  revolutions  during  the  test;  the  fourth, 

the  average  tension  on  the    main   brake   rope;  the  fifth,  the  average 

tension  on  ofl"side  of  the  brake  rope;  the  sixth,  the  mean  pull,  being  the 

difference  between  column  4  and  column  5;  the  seventh,  the  average 

voltage;    the    eighth,    the   average   current   in   amperes;    the    ninth, 

,11,.,                        ^  ,         ,    .       current    X   electromotive    force 
tne  electric  horse-power  taken,  being =-7^ » 

the  tenth,  the  mechanical  horse-power  given  out  at  the  circumference  of 
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the  wheels,  as  expressed  by  the  formula,  ^,  in  which 

r  =  radius  of  driving  wheel  measured  to  center  of  rope. 
n  =  number  of  revolutions  per  minute. 
P  =  mean  pull. 


the  eleventh,  the  efficiency  ^  E  = 


electric  horse-power 
mechanical   horse-jiower 


;   and    the 


twelfth,  the  description  of  the  test. 

TABLE  No.  3. 


Brake  pull,  pounds. 

b 

4 

t4 

u   6D 

a>  . 

a 

S 

V 

n 

'^2 

a 

Ph' 

w 

Remarks. 

d 

On. 

Ofif. 

Mean. 

1 

2 

168 

49 

0 

49 

189 

■ 
16.2 

4.10 

1.01 

.24 

1st  test;  at  1st  notch 

2 

2 

165 

89 

2 

87 

196 

17.4 

4.28 

1.77 

.41 

2d  "  "  " 

3 

1 

75 

129 

10 

119 

187 

19.2 

4.81 

2.19 

.46 

3d   •'  "  " 

4 

2 

160 

129 

15 

114 

213 

21.5 

6.41 

2.24 

.35 

4th  "  "  «• 

6 

2 

199 

109 

7 

102 

192 

17.1 

4.39 

2.49 

.56 

1st  "  "  2d   " 

6 

2 

199 

109 

17 

92 

198 

19.4 

5.15 

2.25 

.44 

2d   "  "  " 

7 

2 

189 

149 

22 

127 

183 

21.7 

5.32 

2.95 

.56 

3d   "  "  " 

8 

2 

211 

134 

24 

110 

177 

31.6 

7.49 

2.85 

.38 

Ist  "  "  3d 

9 

1 

113 

134 

24 

110 

199 

33.3 

8.88 

3.06 

.34 

2d   •<  "  " 

10 

2 

233 

169 

40 

129 

194 

32.8 

8.53 

3.70 

.43 

3d   "  "  " 

11 

1 

115 

189 

38 

151 

202 

32. 

8.67 

4.27 

.49 

4th  "  "  " 

It  can  be  seen  from  the  table  that  the  best  results  were  obtained 
when  running  on  the  second  notch,  and  at  about  average  speed  and 
power,  as  shown  by  the  car  tests,  which  fact  bears  out  the  statement 
of  the  builders  that  the  motors  were  designed  to  be  run  in  that  way. 
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MOTIVE  POWER  FOR  STREET  RAILWAYS. 


By  AiPKED  F.  Seaks,  M.  Am.  Soc.  C.  E. 
Read  Septembeb  7th,  1892. 


It  is  a  part  of  the  experience  of  every  civil  engineer  who  has  had 
to  deal  with  the  problem  of  traction  for  urban  lines,  that,  as  yet,  no  sat- 
isfactory solution  has  been  presented.  In  every  system  thus  far  popu- 
larized by  use  on  street  railways,  there  is  a  vast  waste  of  power  in 
transmission  or  transformation,  or  in  hauling  cumbersome  loads  of  fuel 
and  water. 

It  has  lately  become  the  duty  of  the  writer,  in  the  interest  of  a  street 
railroad  company,  to  investigate  with  patient  care  the  subject  of  motive 
power  for  such  works.  The  problem  has  been:  What  is  the  most 
economical  motive  power  for  street  railroad  traffic;  and  what  is  the 
cheapest  application  of  that  power,  compatible  with  the   conditions 

*  DiscuBsions  on  this  paper  will  be  received  until  November  15th,  1892,  and  published  at  a 
later  date. 
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demanded  by  the  preferences  and  prejudices  of  tbe  public  in  cities  ; 
whether  as  residents,  subject  to  its  presence,  or  as  habitual  patrons, 
using  the  system  as  a  means  of  locomotion  ? 

In  studying  the  matter,  he  has  been  impressed  with  the  belief  tha^  a 
collation  of  the  data  used,  together  with  the  conclusions  reached,  in 
as  brief  form  as  consists  with  its  clear  elucidation,  will  be  of  value  to 
the  profession;  also,  that  a  discussion  of  these  conclusions  by  members 
of  the  Society  will  serve  to  either  confirm  the  deduction  or  reveal  a 
more  correct  solution,  so,  that  in  any  event  the  general  good  will  be 
advanced  by  offering  this  paper  to  their  attention. 

There  should  be  no  difficulty  in  recognizing  a  primary  fact,  viz., 
that  no  system  of  motor,  siiitable  to  all  circumstances,  has  yet 
been  devised  and  probably  never  will  be.  It  is  a  generally  accepted 
doctrine  that  steam,  and  its  derivatives,  electricity  and  compressed  aii-, 
are  invariably  cheaper  than  animal  power.  It  is,  indeed,  difficult  to 
imagine  a  situation  where  the  oi^i^osite  holds  true.  And  yet,  in  the 
Bepublic  of  Mexico,  a  railroad,  highly  finished  in  every  detail  of  road- 
bed, masonry  and  superstructure,  carries  mail,  passengers  and  baggage 
from  Esperanza,  on  the  Mexico  and  Vera  Cruz  line,  to  Tehuacan,  a  dis- 
tance of  50  miles,  in  five  hours  with  animal  j^ower  only.  Freighting  is, 
of  course,  done  at  a  slower  pace  by  the  same  kind  of  power.  Nor  does 
any  other  motor  seem  practicable.  There  is  neither  coal,  petroleum 
nor  wood  in  all  that  region;  while  freight  charges  on  the  line  from 
Vera  Cruz,  by  which  coal  might  be  imported,  prohibits  the  transporta- 
tion of  fuel.  On  the  contrary,  provender  is  abundant  and  mules  are 
cheap.  A  similar  condition  obtains  in  the  City  of  Mexico  and  its 
suburbs,  where  there  is  no  native  fuel,  and  all  urban  and  suburban 
lines  employ  animal  power  exclusively;  and  so  far  as  can  now  be 
seen,  this  must  remain  the  condition. 

But  generally  the  humanity  of  man  has  joined  hands  with  his  cupid- 
ity, and  the  civilized  world  seems  bent  on  finding  a  substitute  for  ani- 
mal power  to  do  its  work  of  transportation.  The  conclusion  reached 
after  a  careful,  and,  it  is  believed,  unbiased  study  is:  (1)  That  steam 
without  transformation  is  the  cheapest  jjower  that  can  be  used  where 
fuel  can  be  had  for  reasonable  cost,  and  is  destined  to  be  the  street  motor 
of  the  future.  (2)  That  electricity  is  the  cheapest  where  it  can  be  joro- 
duced  by  water  power;  and  in  such  cases  will  remain,  as  now,  a  poj)- 
ular  motor  with  passengers  and  the  i^ublic.      (3)  That  compressed  air 


SEAES   OlS"    MOTIVE    POWER   FOR   STREET    RAILWAYS.  315 

engines  will  be  the  clieapest  available  method  and  the  best,  for  dealing 
"with  all  the  conditions  of  tunnel  and  undergi-ound  lines,  where  electri- 
city is  not  practicable.  (-Ij  That  cable  roads  are  best  for  the  steep  street 
sites  of  hilly  to-mis,  and  by  saving  the  immense  cost  of  grading,  are  the 
most  economical,  if  not  the  only  jjracticable,  for  controlling  the  traffic  in 
such  situations;  but  that  they  are  expensive,  inconvenient  and  danger- 
ous on  level  streets  in  business  thoroughfares.  These  are  the  conclu- 
sions arrived  at  in  seeking  a  power  that  shall  produce  the  largest 
dividend  and  the  quickest  return. 

I\Ir.  Henry  C.  Adams,  the  distinguished  statistician  of  the  Interstate 
Commerce  Commission,  has  insjaii-ed  and  supervised  a  comijarative 
statement,  made  dii-ectly  by  Mr.  Charles  H.  Cooley  of  the  United  States 
Census  Bureau,  and  published  in  "  Census  Bulletin  Xo.  55,"  touching 
the  relative  economy  of  cable,  electric  and  animal  motive  power  for 
street  railroads.  This  document  is  preliminary  to  another,  which 
is  to  contain  complete  statistics  of  street  raili-oads,  but  is  not  yet 
ready.  Bulletin  No.  55  embraces  statistics  of  fifty  lines  of  street  rail- 
roads, ten  of  which  are  ojjerated  by  electricity,  ten  by  cable  and  thirty 
by  animal  power.  We  are  not  told  the  names  of  these  lines,  nor  are 
we  given  any  hint  betraying  their  locality,  or  the  price  of  fuel  or  pro- 
vender. 

On  only  one  line  are  all  three  classes  of  power  availed  of,  and  so 
uniform  are  the  resulting  costs  of  oj^erating  per  car  mile  and  i^er 
23assenger  carried,  that  we  seem  to  have  met  a  case  of  peculiar  wisdom 
in  selection,  though  probably  the  animal  power  remaining  is  a  neces- 
sity of  the  problem,  to  be  hereafter  improved. 

Thus  the  tabulated  results  are  as  follows  : 


Power  Used. 

Cost  per 
Car  per  Mile. 

Cost  per 
Passenger  Carried. 

Cable 

9.39  cents. 
9.77      " 
9.21      " 

Electric 

3  75     " 

AnimaL 

3  49      " 

While  the  operating  expenses  appear  at  first  view  so  nearly  equal,  a 
closer  inspection  betrays  but  little  diiference  in  the  work  done;  for  the 
cable  line  in  11. 69  miles  of  street  contains  but  566  feet  of  14  per  cent, 
grade,  against  475  feet  of  5.2  per  cent,  grade  on  4  miles  of  the  electric 
line. 
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If  we  take  the  average  of  the  fifty  roads  under  consideration,  we 
ftnd  no  great  difference  in  the  average  cost  of  carrying  a  passenger  by 
any  of  these  three  motors  over  their  different  lines.  Thus  the  opera- 
ing  expense  is  : 

Per  passenger  carried  by  cable  railway 3. 22  cents, 

"  "  "  electric    "      3.82      " 

"  animal     "      3.67      " 

Being  only  a  trifle  different  from  the  corresponding  items  on  the  line, 
which  in  its  own  single  limits  includes  the  three  classes  of  power. 

A  little  farther  examination  demonstrates  that  the  average  aggregate 
cost  of  carrying  a  passenger  over  all  three  sections  of  the  composite 
line,  is  almost  exactly  the  same  as  a  similar  duty  performed  on  three 
average  sections  of  the  entire  cluster  of  fifty  lines;  being  10.71  cents  in 
the  former  case,  and  10.72  cents  in  this;  an  absurdity  illustrating  the 
fallacy  to  which  the  engineer  is  exposed  in  the  use  of  averages,  and 
also  the  comparative  worthlessness  of  the  jjassenger  unit  in  calcula- 
tions of  this  class  for  the  United  States,  where  the  distribution  of 
population  is  a  factor  so  constantly  changing  in  amount  and  direction, 
that  no  prediction  nor  estimate  of  it  can  be  made  with  fair  degree  of 
certainty. 

The  car  mile  unit  seems  to  be  the  correct  representative  of  work 
done  on  a  line.  The  car  must  be  moved  whether  full  or  empty,  and  the 
difference  of  duty  on  electric  and  animal  roads,  between  a  full  car  and 
a  car  but  half  full  is  not  appreciable  in  the  cost  of  operating,  since,  in 
both  cases,  the  driver  will  make  up  expenditure  of  power  in  speed 
when  his  lighter  load  will  permit.  This  is  not  i^racticable  with  the 
cable  lines,  where  the  velocity  of  the  car  is  uniform  and  is  that 
of  the  cable.  When  steam,  however,  is  directly  applied,  as  in  locomo- 
tives and  dummies,  the  expenditure  may  be  more  exactly  proi^ortioned 
to  the  load.  This  advantage  will  also  accompany  the  compressed  air 
motor,  and  perhaps  the  storage  battery  of  the  electric  systems. 

Examining  the  car  mile  cost  of  operating  the  fifty  lines  under  con- 
sideration, we  have : 


Kind  of  Power. 

Length  of  Line. 

Number  of  Cars. 

Cost  per 
Car  Mile  Kun. 

Cable 

143  miles. 
67      " 
650      " 

583 

78 

1500 

14.12 

Electric  

13  21 

18  16 
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These  figures,  again,  are"averages,  and  in  the  case  of  the  ten  cable 
roads,  cover  limits  extending  from  9.4  cents  to  22  cents;  in  the  ten 
electric  lines,  the  figures  range  from  8.34  to  23  cents;  and  in  the  animal 
lines  from  9.1  to  27  cents;  another  illustration  of  the  fallacy  of  averages, 
which  may  be  made  still  more  apparent  from  the  figures  of  these  tables; 
for  from  the  thirty  animal  lines  it  is  possible  to  select  ten,  of  which  the 
average  cost  per  car  mile  is  only  10.82  cents  between  limits  varying 
only  from  9.1  to  13.89  cents'. 

An  important  diflference  in  the  operating  expenses,  appears  in  the 
item,  "  Kepairs  of  Eoad-bed  and  Track,"  and  for  obvious  reasons.  Thus 
it  cost  $709  per  mile  of  track  to  keep  the  cable  roads  in  shape  a  year; 
while  the  same  item  for  the  electric  lines  amounts  to  6190,  and  for  the 
animal  lines  !s;430.  But  in  this  connection  we  must  bear  in  mind  that 
the  animal  lines  moved  1  500  cars,  to  only  78  and  580  moved  by  the 
electric  and  cable  lines  respectively. 

From  figures  obtained  by  the  Census  Bureau  f)nd  iJublished  in  the 
Street  Railway  Review  of  January,  1892,  it  appears  that,  up  to  the  date 
of  compilation,  the  operating  expenses  of  lines  in  the  United  States 
had  been  as  follows  : 


Kind  of  Power. 

Operating  Expenses 
per  cent,  of  Earnings. 

Dividends  on  Stock, 
per  cent. 

Surplus  Capital 

on  Hand,  per  cent. 

of  Capital  Stock. 

Cable 

67/, 
57/« 

10.15 
5.59 
7.03 
6.03 

ll/o 

'J  J 

Animal 

lOJ 

Steam 

5A 

It  is  proper  to  observe  at  this  point,  that  cable  roads  are  built  only 
where  the  heaviest  traffic  is  already  assured,  while  the  steam  motor  in 
its  various  forms  has  been  confined  thus  far  to  the  most  sparsely 
peopled  regions  demanding  street  railway  accommodation,  and  is 
almost  limited  to  Southern  and  Western  States,  where  are  found  351 
steam  motors  out  of  a  total  of  391  in  the  United  States. 

Formulating  the  results  given  by  the  "Census  Bulletin"  No.  55, 
and  calling  the  cost  of  animal  power  100,  the  cost  of  cable  will  be  77. 74, 
and  of  electricity  72.74. 

In  1889,  Captain  Eugene  Griffin,  U.  S.  Engineers,  arrived  at  a 
different  result,  for,  calling  the  maintenance  of  animal  power  100,  he 
demonstrated  the  cost  of  cable  traction  to  be  79.5,  and  of  electricity 
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46.5.  At  about  tlie  same  time,  Mr.  F.  H.  Whipple,  in  a  book  on 
electric  railways,  determined  that  if  the  cost  of  animal  power  be  desig- 
nated at  100,  then  cable  traction  would  stand  at  118,  and  electricity 
(overhead  wire)  at  83.  It  would  appear  that  these  figures  were  reached 
by  accepting  as  accomplished  facts  the  jjromises  of  the  electrical 
enthusiasts,  who,  and  it  is  said  feelingly,  had  already  acquired  the 
noble  art  of  making  hay  while  the  sun  shone. 

Suppose  we  formulate  in  the  same  way  the  latest  data  giving  the 
proportion  of  operating  expenses  to  the  earnings  of  all  or  nearly  all  the 
roads  in  the  United  States,  as  taken  from  the  Street  Railway  Review.  We 
shall  then  have  the  ijrojjortional  cost  of  power  as  follows  : 

Animal  lines  which  spent  73to-  per  cent,   of  their 

earnings,  say 100 

Electric  lines  which  spent  TO-j^u  per  cent,  of  their 

earnings,  say QQi^o" 

Cable  lines  which   spent   65-/o  per   cent,    of  their 

earnings,  say 89-ro 

Steam   lines  which   spent  57 i%  per   cent,  of  their 

earnings,  say TT-fV 

There  seems  but  little  reason  to  doubt,  that  if  steam  could  be  in- 
ofifensively  aisiilied,  it  is  the  proper  substitute  for  animal  i^ower  on  the 
streets  of  cities. 

In  the  cable  road  there  is  a  vast  exj)enditure  of  power  exhausted  be- 
fore any  useful  load  is  moved.  In  the  ten  cable  roads  of  the  bulletin, 
the  average  leng-th  of  track,  which  is  also  the  lengih  of  the  cable,  is 
more  than  14  miles  ;  and  the  power  must  drag  a  load  that  weighs  from 
60  to  80  tons,  to  be  moved  6  miles  per  hour,  before  any  paying  duty  is 
performed.  The  work  done  to  keep  this  mass  in  motion  may  be  imag- 
ined when  we  observe  the  cost  of  repairing  cables  and  pulleys,  which 
for  these  ten  lines  of  143  miles  amounted  to  $283  338  in  a  single  year, 
or  ijl  981  per  mile  in  that  time. 

The  electric  system  wastes  in  losses  a  very  important  percentage  of 
the  steam  generating  power.  How  much,  it  is  not  i^ossible  to  say, 
without  raising  the  hue  and  cry  of  contradiction.  Personal  observation 
leads  the  writer  to  beHeve  that  the  traffic  which  feels  50  per  cent,  of 
the  steam  power  generated  at  the  central  station,  has  extraordinary 
luck  in  its  successful  economy.     With  the  steam  locomotive,  whether 
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disguised  in  the  dummy  or  otherwise,  there  is  loss  in  carrying  the  load 
of  fuel  and  cold  water,  as  also  in  the  vehicle  or  magazine  which  contains 
them. 

After  careful  investigation  among  a  tiresome  mass  of  inventions, 
some  of  Avhich  show  much  ingenuity,  there  have  been  found  two 
systems  which  seem  to  promise,  in  one  form  or  the  other,  and 
perhaps  in  both,  the  street  ■  motive  power  of  the  future.  They  are,  in 
one  case,  engines  moved  by  compressed  air,  and  in  the  other  by  com- 
jjressed  steam,  or  water  of  such  a  temperature  and  under  such  pressure 
that,  when  released,  it  becomes  steam,  ready  for  work.  The  motors  for 
urban  use  may  in  both  cases  be  called  small  packages  of  condensed 
power.  Au  advantage  of  both  engines  will  consist  in  the  fact  that 
they  can  be  built  to  do  a  fixed  maximum  of  duty  of  defined  limit, 
and  that  this  limit  is  so  restricted  as  to  prohibit  an  attempt  to  accom- 
plish too  much.  Thus,  the  compressed  air  engine,  once  charged,  is 
good  for  a  distance  of  10  miles  without  recharging.  The  compressed 
steam  motor  will  go  40  miles  without  reinforcement. 

A  Toledo  street  railway  comiJany,  after  exi^erimenting  with  the  com- 
pressed air  motor,  is  so  far  satisfied  with  the  results  obtained  that  a 
complete  plant  is  being  installed  in  that  city.  Prof.  D.  S.  Jacobus,  of 
Hoboken,  saw  the  system  in  operation  at  Nantes  and  Vincennes,  France, 
where  the  roads  are  5  and  7  miles  long  respectively,  and  have  been 
successfully  operating  this  system  for  twelve  years.  At  the  New  York 
meeting  of  the  American  Institute  of  Mining  Engineers  held  in  Septem- 
ber, 1890,  that  gentleman  read  a  valuable  i^aper,  which  has  been  pub- 
lished by  the  Institute  and  is  the  authority  for  what  is  here  said  of  the 
system. 

As  that  paper  is  accessible  to  the  members  of  this  Society,  is  suf- 
ficiently illustrated,  and  is  carefully  elaborated  in  details,  only  the  gen- 
eral facts  are  here  given,  touching  its  construction;  leaving  it  for  those 
personally  interested  in  the  subject  to  study  the  minor  features  in 
the  paper  mentioned,  or  on  the  ground,  at  Toledo.  In  the  motor  car, 
two  small  engines  are  connected  so  as  to  rotate  the  front  axle  of  the  car, 
a  reversing  lever  being  used  to  alter  the  cut-ofif  and  change  the  direc- 
tion. The  compressed  air  is  held  in  tanks  under  the  bottom  of  the  car 
and  is  admitted  to  the  engine  cylinders  after  passing  through  a  mass 
of  hot  water,  which  leaves  the  charging  station  at  the  temijerature  of 
about  300  degrees  Fahr.,  and  is  reduced  to  212  degrees  when  it  has 
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returned  to  that  point.  The  engine  cylinders  are  5J  x  10 J^  inches  and 
the  compressed  air  is  charged  in  its  retorts  at  abont  425  pounds  per 
square  inch. 

Prof.  Jacobus  estimates  the  cost  of  compressed  air  motive  power, 
as  compared  with  horse  traction  in  Nantes,  where  there  is  experience, 
and  great  economy  of  air  is  observed  in  handling  the  engine,  to  be  such 
that  if  the  cost  of  animal  power  is  j^ut  at  100,  the  cost  of  the  com- 
pressed air  power  will  be  63.33.  He  is  of  opinion  that  for  a  time  this 
power  must  be  limited  to  localities  unencumbered  with  snow;  and 
believes  that  for  underground,  mining  and  tunnel  service  its  ventilat- 
ing capacity  will  make  it  of  great  practical  value.  This  system  is  not 
only  in  operation  at  Nantes  and  Vincennes,  it  is  also  in  use  at  Nagent, 
near  Paris,  where  each  motor  draws  after  it  a  train  of  two  trailers;  at 
Marseilles,  where  the  cars  are  operated  under  a  storage  pressure  of 
1  200  pounds  per  square  inch  ;  and  at  Berne,  Switzerland. 

An  interesting  and  fairly  conservative  account  of  the  jjerformance  of 
the  compressed  air  engine  at  Toledo,  may  be  found  in  the  Chicago  Street 
Railway  Revieic  for  January  of  this  year.  Snow  and  cold  weather  seem 
not  to  have  troubled  the  experiment,  and  the  old  diificulty  of  frozen  air 
valves  no  longer  exists.  The  manufacturers  claim  a  trip  of  9  miles 
length  as  the  limit  of  duration  of  power,  and  there  seems  but  little 
chance  of  increasing  this  capacity  without  lengthening  the  car  or  rais- 
ing its  floor  higher  from  the  street  level. 

The  last  mode  of  applying  power  to  which  attention  is  invited,  is 
in  the  form  of  compressed  steam  and  was  studied  twelve  years  ago. 
Later,  the  invention  was  laid  aside  for  want  of  means  to  improve  the 
original  excellent  idea;  and  during  the  past  year,  the  tendency  to  recur 
to  some  mode  of  applying  steam  directly,  in  the  motor,  has  led  to  such 
improvement  on  the  original  design  that  a  fair  ground  of  hope  exists, 
that  we  have,  at  last,  the  motor  best  adapted  to  urban  travel,  in  what 
is  still  known  as  the  Angamar  motor,  now  the  subject  of  experiment  in 
Chicago.  Several  other  plans  are  also  now  being  jji'oved  in  that  city, 
viz. ,  the  Patton  gasoline  engine,  wherein  a  portable  dynamo  is  operated 
by  steam  and  the  product  transferred  to  an.  electric  motor  connected 
by  the  usual  method  ^vith  the  wheels;  the  Judson  compressed  air  engine, 
having  three  conduit  charging  stations  for  each  5  miles  of  road;  the 
Belgian  motor,  which  Mr.  Yerkes  bought  in  Belgium  and  has  been 
trying  upon  one  of  the  North  Side  roads,  a  rather  small  and  some- 
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what  complicated  locomotive,  referred  to  by  the  Baldwin  Locomotive 
Works,  in  theii*  letter  following,  as  being  "too  small";  the  Connolly 
gas  motor,  which  has  inadequate  jjower  unless  unreasonably  large  for 
street  use;  the  Prouty  motor,  a  small  steam  engine,  with  inadequate 
power.  These  and  indeed  several  other  devices  serve  to  illustrate  the 
variety  of  invention  all  tending  in  one  direction. 

When  the  writer's  attention  had  been  called  to  the  Angamar  motor, 
he  wrote  to  the  Baldwin  Locomotive  Works,  to  learn  the  oiiinion  of 
men,  who  have  probably  built  more  street  dummies  and  very  small  loco- 
motives than  any  other  factory  in  the  world,  to  learn  their  oj^inion  of  a 
machine  with  such  jsretensions.     They  replied : 

"We  believe  that  such  a  motor  as  you  describe  can  be  constructed, 
and  that,  if  satisfactorily  developed,  a  large  demand  will  result.  Many 
roads  which  are  at  j^resent  oi)erated  by  electricity,  as  well  as  other 
roads  which  are  unable  to  obtain  electrical  franchises  and  cannot 
make  the  expenditiu'e  involved  bv  the  cable,  will  be  likelv  to  adopt 
them." 

Those  gentlemen  also  said  in  the  same  letter:  "The  demand  for  a 
steam  motor  is  so  strong,  that,  notwithstanding  the  admitted  objections 
to  these  machines,  we  have  constructed  upward  of  three  hundred  of  them. 

"  During  the  past  winter  our  attention  was  strongly  drawn  to  the 
desirability  of  designing  a  condensing  motor.  We  built  an  18-ton  com- 
pound motor  in  which  we  sought  to  accomplish  the  follo-n-ing:  (1)  To 
utilize  the  steam  by  expansion  to  so  low  a  tension  that  its  eseajje  from 
the  cylinders  would  be  accompanied  by  little  or  no  noise,  and  at  the 
same  time  such  exj)ansion  would  so  considerably  reduce  the  tempera- 
ture of  the  escajiing  steam  as  to  render  it  easier  to  condense;  (2)  to 
pro^'ide  a  condenser  large  enough  to  condense  all  the  escaping  steam  ; 
(3)  to  rely  entii-ely  upon  natural  draft,  excei^ting  when  imusual  power 
was  required,  in  which  case  the  steam  could  be  diverted  from  the  con- 
denser and  discharged  in  the  ordinary  manner  through  the  exhaust 
nozzles  into  the  stack. 

"This  motor  was  measurably  successful  and  accomiilished  the 
results  intended,  but  we  did  not  succeed  in  entirely  avoiding  the  show 
of  steam  in  bad  weather.  This  was  probably  due  in  jjart  to  the  large 
size  of  the  motor,  requiring  the  generation  of  so  considerable  a  volume 
of  steam  as  to  render  its  condensation  more  difficult.  We  look  for 
more  satisfactory  results  from  a  similar  experiment  with  a  smaller 
motor.  Meanwhile  that  motor  was  purchased  for  noiseless  switching 
service  in  Wilmington,  N.  C,  where  it  is  doing  satisfactory  work. 

"Some  time  since,  the  North  Chicago  Street  Railway  Company  im- 
ported a  Belgian  motor,  which  is  said  to  accomplish  all  the  results 
which  we  sought.  We  have  contracted  to  duijlicate  it,  and,  of  course, 
guarantee  equally  satisfactory  results.  This  motor  is,  however,  too 
small.  We  have  also  agreed  to  build,  from  our  own  design,  a  some- 
what more  powerful  motor  with  which  we  have  guaranteed  equally 
satisfactory  results." 

On  the  strength  of  various  representations,  a  series  of  experiments 
have  been  made  at  the  writer's  request,   with  a  motor  built  by  the 
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Kinetic  Power  Company  in  Chicago,  having  the  Angamar  boiler,  the 
results  of  which  are  here  presented;  they  were  obtained  from  the 
observations  of  both  interested  and  disinterested  parties,  and  the  writer 
places  such  confidence  in  them  that  he  has  recommended  the  system  to 
his  company  as  the  proper  and  only  solution  of  the  street-motor  prob- 
lem in  all  ordinary  cases. 

The  Angamar  motor  car,  in  size  and  appearance,  resembles  the  grip 
car  of  a  cable  road.  As  above  said,  this  motor  is  a  contrivance  for 
nsing  compressed  steam.  Water  is  heated  at  a  "charging  station," 
so  called,  to  the  temperature  of  387  degrees  Fahr.  (200  pounds  steam 
pressure).  This  station  consists  simply  of  furnace  and  boiler — prefer- 
ably the  upright  tubular— which  should  be  of  comparatively  large 
capacity.  A  plant  of  400  horse-power  will  be  ample  for  about  one  hun- 
dred motors  of  50  horse-power  each.  This  stationary  boiler  is  tapped 
on  the  low  water  line  for  connection  with  the  retort  of  the  motor,  and 
also  in  the  dome.  Water  may  thus  be  charged  above,  or  steam,  or  the 
two  together  when  it  is  requisite  to  quickly  produce  the  maximum  pres- 
sure in  the  retort.  The  latter,  with  all  its  connections  of  pipes,  dome  and 
firebox,  is  thoroughly  jacketed  to  prevent  loss  of  heat  by  external 
radiation.  When  the  retort  of  the  motor  has  been  charged  with  hot 
water  and  steam,  a  few  shovelfuls  of  burning  anthracite  coal  are  thrown 
into  the  firebox. 

The  motor  now  under  experiment  in  Chicago  has  a  pair  of  9  x  10 
cylinders;  the  retort,  having  a  capacity  of  263  gallons,  is  charged  with 
160  to  170  gallons  of  water,  heated,  as  already  said,,  to  nearly  400  degrees 
Fahr. ,  and  is  rated  by  indicator  test  at  43  horse-power. 

By  this  system  it  is  seen  in  experience  that  while  the  quantity  of 
water  in  the  retort  is  evaporated  and  the  rapidity  of  steam-making 
tends  to  increase,  the  fuel  in  the  firebox  decreases  by  consumption 
in  amount  and  heating  power,  and  thus  reduces  the  tendency  to  ex- 
cessive pressure.  As  the  highly  heated  water  is  conveyed  from  the 
charging  boiler  to  the  motor,  it  first  becomes  steam  vapor  and  as 
such  enters  the  retort;  but  as  the  injection  is  continued,  a  water  level 
becomes  established,  showing  that  a  portion  of  the  steam  under  such 
pressure  has  returned  to  the  form  of  water. 

Accounts  of  trips  with  this  machine  now  in  Chicago  have  been  re- 
ceived in  which  it  is  reported  to  have  made  20  .miles  with  one 
charging  on  the  track  of  the  West  Chicago  Street  Kailway  Company. 
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The  retort  for  holding  water  contains  263  gallons,  of  which  about 
160  are,  at  the  beginning  of  the  triji,  for  evaporation.  The  driving- 
wheels  are  of  31  inches  diameter,  and  thus  1 303  cylinder  volumes  of 
steam  per  mile  are  used  ujo  by  each  of  the  two  cylinders.  Or,  the 
capacity  of  the  cylinders  being  636  cubic  inches,  the  volume  of  steam 
used  per  mile  will  be  636  X  2  X  1  303  =  1  657  416  cubic  inches. 

The  160  gallons  of  com.pressed  hot  water  contain  an  energy  of 
37  000  cubic  inches  x  1  642,  the  caj)acity  for  expansion,  or  60  754  000 
cubic  inches  of  steam.  If  this  value  were  maintained,  the  motor  has 
a  traveling  ability  of  about  37  miles  under  the  charging  above  men- 
tioned. The  actual  experience  in  a  course  of  eight  days  shows  that  it 
may  be  relied  on,  starting  with  155  pounds  jiressure,  to  make  20  miles 
without  new  charging,  and  return  to  the  shop  "with  a  pressure  of  142 
pounds  after  such  a  run;  using  30  i^ounds  of  anthracite  coal  in  the 
trip  and  carrying  eighty  passengers  on  motor  and  trailer,  moving 
sometimes  at  18  miles  pev  hour. 

The  machine  ai^pears  easy  to  manage  and  does  not  require  any  more 
intelligence  in  the  driver  than  the  ordinary  electric  car.  It  shows  no 
smoke,  and  where  anthracite  coal  is  not  to  be  had,  it  is  believed  that 
the  simplest  arrangement  of  kerosene  burners  will  maintain  the  condi- 
tion of  heat  required.  An  improved  arrangement  has  been  designed 
by  which  condensers  are  to  be  added  to  prevent  the  slight  noise  that  is 
now  heard  in  the  escaping  steam.  The  weight  of  a  motor  car,  which, 
as  before  stated,  is  arranged  much  like  the  ordinary  cable  grip  car,  and 
like  it  will  haul  one  or  more  trailers,  is  about  that  of  the  ordinary 
electric  motor's  weight,  from  5  to  8  tons. 

Captain  Charles  F.  Thomas,  the  Constructing  Engineer  of  the  Kinetic 
Power  Company,  estimates  the  cost  of  power  alone  per  car  mile  at  -i%%- 
of  one  cent,  which  is  much  less  than  one-third  the  cost  of  electric 
power  on  the  West  End  system  of  Boston. 
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THE   PROTECTION   FROM   CORROSION,    OF  IRON- 
WORK    USED     AS     COVERING     FOR 
RAILROAD    TUNNELS. 


By  James  G.  Dagkon,  M,  Am.  Soc.  C.  E. 
Eead  June  10th,  1892. 


WITH  DISCUSSION. 

The  main  connection  between  the  Baltimore  and  Ohio,  and  the 
Philadelphia  and  Reading  Railroads,  through  the  City  of  Philadelphia, 
is  effected  by  means  of  the  Schuylkill  River  East  Side  Railroad,  whose 
tracks  skirt  the  east  bank  of  the  Schuylkill  River  from  below  Gray's 
Ferry  to  Callowhill  Street,  and  there,  diverging  from  the  river  front, 
•pass  through  a  tunnel  under  25th  Street,  at  the  base  of  the  Fairmount 
Reservoir,  and  an  open  cut  along  Fairmount  Park  to  Park  Junction, 
near  Girard  Avenue,  where  the  connection  is  made. 

The  headroom  under  the  street  at  the  ends  of  the  tunnel,  not  being- 
sufficient  to  jjermit  the  use  of  an  arch,  the  street  was  supported  by  a 
liuckle  plate  flooring  carried  by  transverse  wrought-iron  girders  resting 
on  the  side  walls  of  the  covered  way.  The  total  length  of  the  tunnel 
is  2  308  feet,  1  583  feet  being  arched,  and  482  feet  at  the  south  end  and 
243  feet  at  the  north  end  being  covered  as  described  above.  The  con- 
struction of  this  part  of  the  tunnel  is  clearly  shown  on  Figs,  1  and  2 
and  Plate  LIII,  in  the  last  volume  of  the  Transactions. 
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Fig.  3. 
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The  rtinning  of  trains  through  the  tunnel  began  in  September, 
1886.  During  the  winter  of  1890-91  the  attention  of  the  author  was 
called  to  the  very  serious  corrosion  of  the  girders  which  was  taking 
place  under  the  combined  action  of  steam  and  gases  from  the  loco- 
motives passing  through  the  tunnel,  and  he  was  instructed  to  devise 
some  means  by  which  this  action  could  be  avoided,  as  its  further  con- 
tinuance, in  time,  would  have  endangered  the  safety  of  the  work. 

It  is  the  purpose  of  this  paper  to  present  a  concise  account  of  the 
method  adopted.  This  plan  consisted  essentially  in  hermetically  seal- 
ing the  iron-work  from  the  access  of  steam  and  locomotive  gases  by  a 
flat  arch  of  hollow  firebrick  tiles,  extending  from  flange  to  flange  of  the 
girders,  and  running  their  entire  length  on  to  the  coping  of  the  side 
walls,  a  thick  coating  of  cement  mortar  being  laid  on  the  under-side 
of  the  tiles,  the  details  being  shown  on  Fig.  3. 

The  work  was  carried  on  as  follows :  the  iron- work  was  thoroughly 
scraped  to  remove  every  particle  of  rust,  and  the  girders  given  two 
coats  of  asjihalt  paint,  the  skewback  tiles  were  then  placed  in  posi- 
tion on  two  contiguous  girders,  and  the  keystone  tiles  let  into  place. 
When  a  certain  number  of  lengths  of  tile  had  been  put  in,  a  workman, 
whose  duty  it  was  to  thoroughly  seal  up  each  joint  with  cement 
mortar,  was  sent  in  through  the  space  enclosed  by  the  two  girders, 
buckle-iilate  covering  and  flat  arch;  the  last  keystone  tile  was  left  out 
for  his  exit,  and  was  in  turn,  after  having  its  edges  cemented,  drojjped 
into  i^osition.  After  sealing  the  joints  from  the  outside,  a  coating  of 
cement  mortar  about  1  inch  thick  was  laid  on  the  under-side  of  the 
tiles,  corrugations  having  been  left  in  them  to  ensure  a  good  adherence 
of  the  mortar.  The  work  was  necessarily  tedious  and  slow,  as  it  had 
to  be  carried  on  from  a  raised  platform  over  the  tracks,  with  trains 
rushing  continually  through  the  tunnel,  the  men  being  obliged  to 
work  on  their  hands  and  knees,  and  in  the  dim  light  aiforded  by  oil 
lamps.  The  work  was  carried  on  under  the  supervision  of  Mr.  B. 
Frank  Richardson,  M.  Am.  Soc.  C.  E.,  and  there  is  every  reason  to 
believe  it  will  accomplish  the  purpose  intended. 

The  cost  of  the  work,  including  the  painting  of  the  iron-work,  was 
$1  40  per  linear  foot  of  flat  arch,  or  $0  44  joer  sfiuare  foot  of  flat  arch; 
or,  if  the  cost  of  painting  the  iron-work  is  omitted,  $1 13  per  linear  foot 
of  flat  arch,  or  $0,357  per  square  foot  of  flat  arch,  which  is  a  reasonable 
figure  considering  the  difficulties  ixnder  which  work  had  to  be  done. 
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DISCUSSION. 


Desmond  FitzGebaxj),  M.  Am.  Soc.  C.  E. — Has  Mr.  Dagron  any 
direct  evidence  that  cement  mortar  has  preserved  the  iron  ? 

James  G.  Dagkox,  M.  Am.  Soc.  C.  E. — The  use  of  the  cement  mortar 
is  not  to  preserve  the  iron.  The  iron  was  coated  with  two  coats  of 
asphalt  paint;  the  object  of  the  construction  adopted  was  to  prevent 
the  gas  and  steam  from  the  locomotive  coming  in  contact  ^-ith  it.  The 
idea  I  meant  to  convey  was  this,  that  after  these  tiles  were  laid,  a  work- 
man was  sent  in  to  seal  the  joints;  in  other  words,  fill  the  joints  with 
cement.  The  sj^ace  above  the  tiles  is  not  filled  -with  anything,  except 
that  their  u^jper  surface  is  flushed  with  cement. 

We  have  noticed,  since  this  work  has  been  put  in,  that  the  tunnel 
is  much  freer  from  smoke  than  it  formerly  was.  The  reason  for  this 
may  be  seen  by  looking  at  the  profile  of  the  tunnel,  Fig.  1.  The 
inside  of  the  flanges  is  protected  by  the  tiles. 

The  buckle  plates  were  galvanized;  and  when  we  went  into  examine 
them,  they  were  coated  with  soot,  which,  being  removed,  showed  the 
buckle  plates  to  be  entirely  free  from  any  action  of  the  steam  or  gas. 
The  girders  were  seriously  attacked,  the  rust  being  ajjparently  one- 
eighth  of  an  inch  thick. 

Chakles  MacDonaxd,  M.  Am.  Soc.  C.  E. — The  necessity  for  some 
means  of  protecting  iron-work,  where  it  is  exposed  to  gases  from 
locomotives,  has  long  been  felt;  galvanized  iron  sheathing  soon  dis- 
appears; buckle  plates  prolong  the  situation,  but  yield  rajiidly,  even 
under  the  best  of  care  ;  and,  in  some  cases,  notably  with  the  over- 
head street  bridges  in  Boston,  the  advisability  of  sheathing  with  wood 
was  seriously  considered. 

The  method  described  in  the  paper  seems  to  be  very  simjile  and 
effective.  The  wonder  is,  that  so  much  has  been  accomplished  at  such 
a  moderate  expenditure,  considering  the  extremely  complicated  con- 
ditions. In  a  new  construction  where  tiles  could  be  placed  without 
the  restrictions  involved  in  the  j)resent  case,  the  cost  could,  doubtless, 
be  reduced  to  a  figure  which  would  coramend  it  to  a  general  practice. 
Mr.  Dagkon. — I  think  this  method  will  be  cheaper,  although  I  am 
not  iDrejjared  to  give  figures  at  this  moment. 

Mr.  FitzGeeai^d. — If  there  is  any  chance  of  cracking,  I  don't  see 
how  you  make  sure  that  the  gases  are  not  eating  the  iron  out. 

Mr.  Dageox. — We  are  relying  on  this  ceiling  which  is  continuous. 
All  the  joints  Avere  thoroughly  sealed,  and  the  work  was  very  care- 
fully looked  after.  A  coating  of  1  inch  of  cement  mortar  was  put  on 
below  the  tiles,  over  the  whole  surface. 

A  Me51bee. — I  think  the  idea  is  an  excellent  one.  Some  remarks 
have  been  made  looking  to  the  use  of  galvanized  iron.     I  don't  believe 
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it  is  practicable  to  use  galvanized  iron]_in  siicli  a  case.  We  have  aban- 
doned its  use  on  our  railroad  in  any  such  form.  We  bad  been  in  the 
habit  of  manufacturing  cornices  of  galvanized  iron  ;  they  have  been 
totally  destroyed  within  two  years,  and  we  have  substitued  wooden 
cornices. 

C.  B.  Bkush,  M.  Am.  Soc.  C.  E. — Does  not  the  cement  or  concrete 
1  inch  thick  crack  ? 

Mr.  Dagkon. — It  does  not.  I  was  in  that  tunnel  over  three  weeks 
ago,  when  the  work  had  been  finished  about  four  months,  and  there  is 
no  evidence  of  any  cracking.  We  examined  the  ceiling  very  carefully  ; 
it  seemed  to  adhere  to  the  bottom  of  the  tiles  very  well. 

Mr.  FitzGeeald. — The  plastering|^is  not  exposed  to  the  same  varia- 
tions of  temperature  that  it  would-be  outside  of  the  tunnel,  where  a 
large  surface  would  be  very  apt  to  crack  owing  to  such  changes. 

Mr.  Dagron. — It  would  be  very  apt  to,  but  the  temperature  of  the 
tunnel  is  much  more  uniform  than  that  of  the  air  outside,  and  there  has 
been  no  such  difficulty. 

I  think  that  in  the  case  of  a  bridge,  such  as  mentioned  by  Mr. 
MacDonald,  instead  of  using  a  coating  of  cement  underneath,  I  would 
use  a  coat  of  asphalt  ;  it  would  act  in  the  same  way. 

Mr.  FitzGekaijD. — The  cement  mortar,  I  suppose,  really  does  pre- 
serve the  iron  from  the  effects  of  rusting.  Not  long  ago,  I  heard  Mr. 
Robert  Moore  describe  a  method  of  treating  bolts  for  bridges,  by  which, 
instead  of  using  lead  or  sulphur,  Portland  cement  mortar  was  used, 
and  it  was  found  that  the  bolts  were  much  better  preserved  in  every 
way  against  rust  and  against  pulling. 

J.  P.  Fkizell,  M.  Am.  Soc.  C.  E. — Why  would  not  the  cement  ap- 
plied directly  to  the  iron-work  protect  it  from  this  corrosive  action  ? 

Mr.  Dagkon. — I  should  think  it  would  be  harder  to  get  the  cement 
to  adhere  to  the  iron-work. 

Mr.  Frizell. — As  to  the  adhesion  of  cement  to  iron,  it  is  well  known 
that  iron  pi^jes  coated  with  cement  are  laid  down  by  the  mile.  These 
have  been  taken  up  in  many  places,  but  not  because  of  lack  of  adhesion 
of  the  cement.  I  have  taken  up  pipes  that  had  been  laid  many  years, 
knocked  ofi"  the  cement,  and  found  the  iron  as  bright  as  ncAv.  It  occurs 
to  me,  therefore,  that  in  the  case  treated  of  in  this  paper,  it  would  be 
well  worth  while  to  consider  the  propriety  of  applying  the  cement  di- 
rectly to  the  iron.     The  cement  certainly  preserves  the  iron  from  rust. 

There  is  one  question  I  want  to  ask  :  Whether  the  corrosive  action 
of  the  gases  that  escape  from  the  locomotive  is  not  largely  due  to  the  heat; 
whether  the  hot  gases  would  not  affect  iron  much  more  strongly  than  if 
they  were  cool  ?     Do  your  observations  confirm  that  supposition  ? 

Mr.  Dagkon. — I  should  think  that  the  action  would  be  much  greater 
at  a  higher  temperature  than  at  a  lower  temperature. 

Mr.  FiTzGERAiiD. — I  think  the  gases  have  a  great  deal  to  do  with  it. 
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THE   STRENGTH   AND   WEATHERING  QUALITIES 
OF  ROOFING  SLATES. 


By  Mansfield  Meeriiian,  M.  Am.  Soc.  C.  E. 
Kead  Septembek  21st,  1892. 


WITH  DISCUSSION.* 


The  slate  formation  of  Xorthampton  County,  Pennsylvania,  lies 
along  tlie  southern  side  of  the  Blue,  or  Kittatinny,  Mountain,  haying 
an  average  width,  measured  on  the  surface  in  a  northwest  or  southeast 
direction,  of  7  or  8  miles.  The  section  given  in  Fig.  1  shows  the  geo- 
logical position  of  these  deposits.  Beginning  at  the  South  Mountain 
is  seen  the  Archaean  gneiss,  the  oldest  of  the  sedimentary  rocks. 
Above  this  is  the  Silurian  limestone,  which  underlies  in  turn  the  slate 
belts.  These  belong  to  the  formation  called  by  geologists  the  Hudson 
Biver  slates,  and  here  they  dip  toward  the  northwest  and  have  a  thick- 
ness, perpendicular  to  the  dip,  of  about  6  000  feet.  Above  the  slate 
is  seen  the  Oneida  sandstone  of  the  Blue  Mountain. 

The  South  Mountain  has  an  elevation  of  about  750  feet  above  tide, 

*  Additional  discussion  on  this  paper  if  received  by  November  15th,  1892,  will  be  pub- 
lished in  a  subsequent  number. 
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while  that  of  the  Blue  Mountain  is  1 400  feet.     Between  them  is  in- 
cluded the  Kittatinny,  or  Great,  Valley,  which  extends  from  New  Jersey 
to  Georgia  with  essentially  the  same  geological  formations,  and  which 
is  noted  for  its  fertile  soil,  its  iron  ores  and  its  slate  quarries. 
Blue  s.  E. 


Moxi.nl  ain 


Mount  aiu 


Fig.  1. 

The  geological  structure  of  the  slate  formation  is  very  compli- 
cated, and  in  a  particular  quarry  neither  the  original  beds  of  stratifi- 
cation nor  the  planes  of  cleavage  may  be  at  all  related  to  the  general 
dip.  This  is  due  to  the  upheavals,  overturnings  and  pressures  to 
which  the  slates  have  been  subjected  since  the  period  when  they  were 
deposited  as  horizontal  layers  of  clay  in  quiet  waters. 

The  original  planes  of  stratification  are  usually  seen  in  any  quarry 
definitely  marked  by  the  seams  or  ribbons  which  traverse  the  rock  in 
directions  approximately  parallel,  and  which  differ  in  color  and  com- 
position from  that  of  the  slate  proper.  The  thickness  of  the  ribbons 
may  be  an  inch  or  two,  although  some  are  much  thinner,  and  their 
distance  apart  varies  from  a  few  inches  up  to  6  or  8  feet.  Between 
the  ribbons  are  the  beds  of  original  stratification,  each  bed  being 
usually  of  uniform  quality  and  composition,  but  often  difiering  in 
quality  from  adjacent  beds. 

The  jalanes  of  cleavage  of  the  slate  are  not  parallel  to  the  ribbons, 
but  make  different  angles  with  them  in  different  quarries.  The  direc- 
tion of  these  planes  is  suj^posed  to  be  perpendicular  to  that  of  the 
pressures  which  consolidated  the  slate  formation  in  its  present  position. 
In  some  quarries  the  cleavage  jilanes  are  almost  horizontal,  but  usually 
they  dip  toAvard  the  southeast  with  inclinations  varying  from  5  to  50 
degrees. 

In  Fig.  2  is  shown  a  typical  view  of  a  vertical  section  of  the  top  of 
the  slate  rock  where  the  ribbons  are  seen  curved  and  the  cleavage 
planes  are  parallel.     In  any  j)articular  quarry  the  cleavage  is  usually 
uniform  in  direction,  while  the  ribbons  are  often  curved  and  contorted 
and  sometimes  the  beds  are  folded  over  upon  each  other. 
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The  slate  deposits  near  tlie  top  of  the  formation  outcrop  at  A  in 
Fig.  1,  near  the  base  of  the  Blue  Mountain ;  while  those  near  the 
bottom  of  the  formation  outcrop  at  G,  several  miles  away  from  it. 
The  upper  beds,  comprising  those  from  A  to  B,  have  a  total  thick- 
ness of  about  1  500  feet,  while  the  lower  beds  from  B  to  C  are  i^rob- 
ably  4  000  feet  thick  or  more.  The  upi^er  beds  produce  the  soft  slates 
which  are  used  for  roofing  and  for  school  slates,  while  the  lower  beds 
produce  the  hard  slates  which  are  used  largely  for  sidewalks  and  steps. 
In  the  upj)er  beds  the  ribbons  are  soft  and  of  inferior  qu^ality  to  the 
slate  j)roper,  so  that  they  are  generally  cut  out  in  prej)aring  the  stock 
for  market.  In  the  lower  beds  the  ribbons  are  often  harder  than  the 
slate  itself  and  need  not  be  excluded.  The  hardness  of  the  slate  is 
usually  greater  in  the  lower  beds,  these  having  been  subjected  to  a 
greater  pressure  than  the  upper  ones. 


Fig.  2. 

The  first  slate  quarry  in  Pennsylvania  was  that  of  J.  W.  Williams, 
in  Upper  Mount  Bethel  Township,  Northampton  County,  which  was 
opened  in  1812.  The  Report  of  the  Second  Geological  Survey,  j^ub- 
lished  in  1883,  mentions  and  partially  describes  nearly  one  hundred 
quarries  in  this  country ;  but  it  should  be  said  that  many  of  these  are 
merely  holes  in  the  ground,  half  filled  with  water.  Quarries  are 
worked  at  Slateford  and  Portland;  at  Bangor,  East  Bangor  and  West 
Bangor;  at  Pen  Argyle;  at  Chapman's,  Danielsville  and  other  localities, 
which  produce  large  quantities  of  slate  for  sidewalks,  roofs,  black- 
boards, mantels  and  other  pu.rposes. 

The  slate  deposits  are  covered  with  earth  and  gravel  to  the  depth 
of  from  10  to  50  feet.  The  first  operation  in  ojDening  a  quarry  is  to 
strip  ofi"  this  surface-material  and  the  weathered  outcrop  of  the  rock. 
The  slate  is  then  quarried  by  drilling  holes   at  right  angles  to  the 
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cleavage  planes  and  blasting  out  large  blocks.  The  holes  are  made  in 
such  positions  and  the  blasts  so  adjusted  in  intensity,  that  the  blocks 
are  only  moved  a  few  feet  horizontally  and  are  not  shattered.  These 
are  broken  into  smaller  blocks,  say,  about  a  foot  or  two  thick,  2  or  3 
feet  wide  and  8  or  10  feet  long,  which  are  hoisted  out  of  the  quarry  by 
the  derrick  and  then  run  on  small  cars  to  the  shanties  where  they  are 
to  be  dressed.  The  quarrymen  are  divided  into  gangs  of  from  six  to 
twelve  men,  each  gang  having  a  contract  to  produce  a  certain  amount 
of  finished  slate  at  a  certain  price.  The  men  provide  their  own  tools 
and  powder,  apportion  the  different  parts  of  the  work  among  themselves 
according  to  their  different  capacities,  and  deliver  the  finished  slate  in 
the  yard,  the  company  having  only  to  hoist  the  blocks  out  of  the 
quarry,  keep  it  free  from  water,  remove  all  debris,  exercise  a  general 
superintendance,  and  inspect  the  completed  slates. 

Nearly  all  the  slate  quarries  in  this  region  are  merely  deep  holes  in  the 
rock  with  vertical  sides,  most  of  the  working  being  done  at  the  bottom 
of  the  hole.  The  Albion  Quarry  may  be  taken  as  the  largest  in  the 
Pen  Ai-gyle  region,  it  being  about  300  x  500  feet  in  horizontal  area  and 
nearly  250  feet  deep.  The  photographic  view  in  Plate  XL VII  shows  the 
uijper  part  of  the  north  side  of  this  quarry,  upon  which  some  work  is 
in  progress  at  the  depths  of  about  60  and  120  feet  below  the  surface. 
The  curved  ribbons  can  be  plainly  seen  running  diagonally  across  the 
view,  the  one  which  is  very  prominent  being  a  quartz  vein.  The 
planes  of  cleavage  in  the  foreground  are  closely  horizontal.  Crossing 
the  picture  are  seen  the  ropes  of  the  cable  derricks  by  which  the  slate 
is  hoisted  and  run  out  to  the  banks. 

The  photographic  view  of  the  Old  Bangor  Quarry,  at  Bangor,  Pa., 
in  Plate  XL VIII,  is  taken  looking  toward  the  northeast.  It  clearly 
shows  the  manner  of  working  in  benches  whose  surfaces  are  parallel 
with  the  plane  of  cleavage.  As  the  benches  are  worked  downward,  the 
top  is  being  constantly  stripped  off  in  order  to  allow  new  ones  to  be 
started,  and  thus  the  horizontal  extent  of  the  quan-y  is  continually 
increased,  its  maximum  depth  remaining  at  about  125  feet  below  the 
original  surface  of  the  ground.  This  method  of  working  in  benches 
is  peculiar  to  this  particular  quarry  and  can  only  be  pursued  when  the 
uncovered  area  is  very  large.  There  are  five  of  these  benches,  each 
being  about  15  feet  in  height  and  from  30  to  40  feet  in  width.  The 
curved  ribbons  showing  the  planes  of   original  stratification  can  be 
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faintly  seen,  the  general  direction  of  the  curves  being  somewhat  similar 
to  those  in  Fig.  2.  This  is  the  oldest  quarry  in  the  Bangor  region, 
having  been  opened  in  1866,  and  the  horizontal  uncovered  area  is  now 
about  400  X  900  feet. 

Roofing  Slates. — In  the  manufacture  of  roofing  slates  everything 
is  done  by  hand  excej^t  dressing  the  edges.  The  blocks  delivered  at  the 
shanties  are  first  split  into  thicknesses  of  about  2  inches.  These  are 
l^iled  up  in  a  shanty  beside  a  workman  called  a  splitter,  who,  with  a 
wooden  mallet  and  a  long,  thin  chisel,  divides  each  into  halves,  and  con- 
tinues the  process  until  they  are  reduced  to  the  required  thickness  of 
about  -nfths  of  an  inch.  He  then  cuts  out  jDieces  in  approximate  sizes, 
and  these  are  taken  by  an  assistant  and  squared  off  into  regular  shape 
and  size  on  a  dressing  machine.  The  rock  of  some  quarries  requires  to 
be  kept  damp  from  the  time  it  is  first  exposed  until  it  is  sj^lit  into 
the  final  sizes,  otherwise  the  cleavage  becomes  difl&cult. 

Plate  XLIX  is  a  view  of  one  of  the  slate  banks  of  the  Albion  Quarry 
at  Pen  Argyle,  where  a  number  of  shanties  and  workmen  with  their  tools 
are  seen.  On  the  extreme  right  is  a  large  block  being  drawn  up  on  a 
car,  and  a  pile  of  finished  slates  is  seen  on  the  left  near  the  engine 
house.  The  rude  awnings  of  boards  and  branches  protect  the  men 
from  the  glare  and  heat  of  the  summer  sun,  which  on  a  slate  bank  always 
seems  more  oppressive  than  elsewhere.  The  workmen  of  this  quarry 
are  mostly  English,  while  at  some  other  quarries  Welshmen  j^redom- 
inate.  It  seems  a  very  simple  matter  to  sjjlit  slate,  but  in  reality  it  is 
a  trade  which  requires  much  experience. 

Roofing  slates  are  made  in  numerous  sizes,  from  14  x  24  inches 
down  to  6  X  12  inches,  the  longer  dimension  being  that  which  is  placed 
parallel  with  the  rafters  of  the  roof.  In  all  roofing  which  is  projDerly 
done,  a  triple  lap  of  3  inches  is  allowed  ;  thus,  for  a  24-inch  slate  10^ 
inches  are  exposed,  lOj  inches  are  covered  by  the  slate  above  it,  and  3 
inches  are  covered  by  two  slates  above  it.  The  amount  of  slate 
required  to  cover  a  space  10  x  10  feet  in  this  manner  is  called  a  square 
which  is  the  unit  by  which  they  are  sold.  For  slates  12  x  24  inches  it 
takes  114  to  make  a  square;  for  those  8  x  16  inches,  277  make  a  square, 
and  so  on. 

The  normal  product  of  roofing  slates  is  called  No.  1  stock,  and 
this  is  entirely  free  from  ribbons.  Some  quarries  make  second  and 
third  quality  slates,  called  No.  1  Rib  and  No.  2  Rib,  respectively,  the 
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former  containing  ribbons  near  one  end  only,  so  that  when  laid  "on  the 
roof,  the  exposed  parts  are  free  from  them.  The  color  of  the  slate 
produced  in  the  quarries  at  Pen  Ai'gyle  and  Bangor,  which  are  those 
here  specially  investigated,   is  a  permanent  dark  bluish  grey.     The 


Fig.  3. 

color  of  the  ribbons,  however,  is  nearly  black  at  first,  yet  on  exposure 
to  the  weather  they  exhibit  a  whitish  efiiorescence  and  soon  show  signs 
of  crumbling  and  decomposition.  This  is  due  to  the  sulphide  of  iron 
which  they  contain,  and  also  to  their  porosity  and  softness.  Although 
the  price  of  these  inferior  qualities  is  from  20  to  40  per  cent,  less  than 
that  of  the  standard  stock,  they  should  not  be  allowed  on  a  roof  which 
is  to  be  regarded  as  a  good  piece  of  work. 

The  roofing  slates  which  form  the  subject  of  this  paper  are  those 
from  the  Albion  Quarry  at  Pen  Argyle,  Pa. ,  and  the  Old  Bangor  Quarry 
at  Bangor,  Pa.  The  Albion  Quarry  is  near  the  to^j  of  the  slate  forma- 
tion, and  on  the  section  in  Fig.  1  would  be  projected  near  the  point 
marked  A.  The  Old  Bangor  Quarry  is  about  3  miles  from  the  Blue 
Mountain  near  B  in  Fig.  1,  and  thus  at  the  bottom  of  the  upper  or 
softer  slate  beds.  These  two  quarries  are  the  largest  in  their  respective 
regions,  the  entire  product  of  the  former,  and  a  large  part  of  that  of 
the  latter,  being  roofing  slates  which  by  general  reputation  stand  high 
in  quality. 

The  investigations  of  the  properties  of  slate  which  are  foimd  on 
record  are  few,  and  these  are  almost  entirely  by  chemical  analysis. 
Silica  and  alumina  are  supposed  to  give  strength  and  toughness,  the 
carbonates  of  lime  and  magnesia  are  liable  to  be  acted  upon  and 
waslied  out  by  the  rain,  and  the  comi^ounds  of  iron  and  sulj^hur  are 
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known  to  promote  disintegration  under  the  action  of  smoke  and  acid 
fumes.  Something  as  to  quality  can  therefore  be  judged  by  the  com- 
l^arison  of  chemical  analyses,  but  the  information  thus  obtained  is  so 
slight  as  to  have  little  weight  with  an  engineer,  particularly  when  he 
considers  that  the  mineralogists  inform  us  that  rocks  of  the  same 
identical  chemical  com2)osition  may  have  quite  different  i)roi)erties  on 
account  of  different  lithiological  structure.  A  chemical  test  of  iron  or 
steel  affords  but  little  information  to  the  engineer  concerning  its  phys- 
ical i^roperties,  and  he  demands  that  quantitative  results  concerning 
its  toughness  and  strength  must  be  known.  So  it  should  be  with  stones 
and  slates. 

Method  of  Investigation. — It  was  purj)Osed  in  investigating  these 
roofing  slates,  to  experiment  as  closely  as  possible  upon  those  proper- 
ties which  are  called  into  service  in  resisting  the  stresses  to  which 
they  are  subject,  and  upon  those  qualities  which  either  assist  or 
resist  the  disintegrating  action  of  the  atmosphere  and  weather.  The 
strength  and  toughness  of  slate  are  imjjortant  elements  in  preventing 
breakage  in  transi^ortation  and  handling,  as  well  as  in  resisting  the 
effect  of  hail,  or  of  stones  maliciously  thrown  upon  the  roof.  They  are 
also  brought  effectively  into  play  by  the  powerful  stresses  produced 
by  the  freezing  of  water  around  and  under  the  edges.  Porosity,  on  the 
other  hand,  is  not  a  desirable  proi^erty,  for  the  more  water  the  slate 
absorbs,  the  greater  the  disintegrating  action  when  it  freezes  and  thaws. 
Density  is  a  quality  of  value,  for,  in  accordance  with  a  fundamental 
pi'inciple  of  the  science  of  the  resistance  of  materials,  the  greater  the 
specific  gravity  of  one  of  several  similar  substances,  the  greater  is  its 
strength.  Hardness  may  or  may  not  be  a  desirable  quality  according 
as  it  is  related  to  density  or  to  brittleness.  Lastly,  corrodibility,  or 
the  capacity  of  being  disintegrated  by  the  chemical  action  of  smoke 
and  of  fumes  from  manufactories,  is  certainly  not  desired  in  roofing 
slates. 

The  investigation  was  undertaken  primarily  to  compare  the  qualities 
of  the  Pen  Ai'gyle  and  Bangor  slates  in  a  scientific  manner.  In  order 
to  do  this,  such  tests  were  selected  as  seemed  likely  to  be  both  precise 
and  simple,  and  of  such  a  character  that  quantitative  results  concern- 
ing each  of  the  above  properties  could  be  determined.  These  results 
will  be  given  below  for  a  number  of  specimens,  and  they  will  be  dis- 
cussed and  comj)ared  with  the  view  of  ascertaining  the  relation  between 
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tlie  diflferent  properties.  Lastly,  by  the  heli?  of  chemical  analyses,  the 
relation  of  the  physical  qualities  to  the  presence  or  absence  of  certain 
elements  is  to  be  studied. 

The  pieces  tested  were  12  inches  wide  by  24  inches  long,  and  varied 
in  thickness  from  nfths  to  |  of  an  inch.  They  were  all  free  from 
ribbons  and  were  presumably  of  the  best  product  of  the  respective 
quarries.  From  the  Albion  Quarry  at  Pen  Argyle,  there  were  twelve 
specimens  marked  Al,  A2,  A3,  etc.  From  the  Old  Bangor  Quarry  at 
Bangor,  there  were  also  twelve  specimens,  marked  Bl,  B2,  B3,  etc. 
These  letters  and  numbers  were  kept  uj^on  the  sisecimens  and  their 
fragments  throughout  the  different  tests,  thus  enabling  the  different 
properties  to  be  compared  for  each  indiWdual  specimen.  The  general 
api^earance  of  the  slates  was  very  similar,  except  that  the  B  pieces  were 
somewhat  more  even  in  surface  and  slightly  darker  in  color. 

Strength. — The  transverse  or  flexural  strength  of  the  slates  was 
selected  for  experiment  because  of  the  ease  and  accuracy  with  which 
the  tests  can  be  made,  and  also  because  such  stresses  are  brought  upon 
it  in  actual  use  rather  than  those  of  pure  tension  or  compression.  The 
pieces  were  supported  in  a  horizontal  position  upon  wooden-knife  edges 
22  inches  apart,  and  then  loads  were  placed  upon  another  knife  edge 
half  way  between  the  supports.  This  load  was  applied  by  means  of 
sand  running  out  of  an  orifice  in  a  box,  at  the  uniform  rate  of  70  pounds 
per  minute,  and  by  the  help  of  an  electric  attachment  the  flow  of  sand 
was  stopped  at  the  instant  of  rupture.  The  slates  were  always  placed 
upon  the  supports,  so  that  the  beveled  edges  were  on  the  lower  side. 
As  the  load  was  increased,  the  deflection  of  the  slate  could  be  observed 
upon  a  scale  and  the  ultimate  deflection  was  recorded. 

The  strength  of  a  beam  or  plate  broken  in  this  manner  is  indicated 
by  the  modulus  of  rupture  which  is  the  computed  horizontal  ruptur- 
ing stress  on  the  upj^er  and  lower  fibers,  and  is  intermediate  in  value 
between  the  ultimate  tensile  and  compressive  strength.  Let  W  be  the 
load  in  j)ounds  which  causes  rupture  when  applied  aj;  the  middle,  let 
I  be  the  distance  between  the  supports  in  inches,  h  the  breadth  and  d 
the  thickness  of  the  plate  in  inches.  These  being  carefully  found  by 
observation,  the  formula 

3_rn 

furnishes  the  means  of  comjauting  the  modulus  of  rupture  S,  whose 
value  is  then  in  pounds  i^er  square  inch. 
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In  Tables  A  and  B  are  given  the  values  of  the  modulus  of  rupture  for 
each  of  the  twenty-four  sijecimens.  In  four  cases  this  value  is  the  average 
of  two  tests,  the  second  one  being  made  upon  pieces  10  inches  long 
which  were  cut  from  the  larger  broken  specimens.  The  figures  for 
these  duplicate  tests  will  be  interesting  as  showing  the  slight  range  in 
the  results,  and  thus  establishing  the  accuracy  and  value  of  this  method 
of  investigation.  They  give  the  following  values  for  the  modulus  of 
rupture  in  pounds  per  square  inch — 

Mark  of  specimen B3  B7  B9  Bll 

S  for  large  slate 9  750         8  420         10  195        8  100 

S  for  smaU  slate 9  720         8  450         10  235        8  140 

and  the  average  of  these  is  stated  in  Tables  A  and  B,  while  for  the 
other  specimens  tests  were  made  upon  the  larger  sizes  only. 

The  mean  value  of  the  modulus  of  rupture  of  all  the  specimens  is 
seen  to  be  7  150  pounds  per  square  inch  for  the  Albion  slates,  and 
9  810  pounds  per  square  inch  for  the  Old  Bangor  slates. 

Toughness. — The  ultimate  deflections  of  the  pieces  broken  under 
transverse  stress  furnish  an  indication  of  their  toughness,  in  the  same 
manner  that  the  ultimate  elongation  of  a  metallic  specimen  under 
tensile  strain  is  an  index  of  toughness  and  extensibility.  The  greater 
the  ultimate  deflection  of  a  bar,  the  less  is  its  brittleness,  and  the 
greater  its  toughness,  other  things  being  equal.  All  the  specimens  of 
slate  were  so  elastic  that  the  deflection  of  the  middle  jiart,  where  the 
load  was  applied,  could  easily  be  noted  on  a  scale  by  the  eye,  with  an 
error  rarely  exceeding  g^d  of  an  inch.  The  test  can,  therefore,  be 
readily  made  with  the  simplest  ajjparatus.  The  results  for  the  in- 
dividual specimens  are  seen  in  Tables  A  and  B,  all  of  which  were 
found  from  the  pieces  laid  upon  supports  22  inches  apart.  The  mean 
values  of  the  ultimate  deflection  are  0.270  inches  for  the  Albion  and 
0.313  inches  for  the  Old  Bangor  specimens. 

The  toughness  of  slate  can  also  be  inferred  from  the  manner  of 
rupture  of  the  specimens.  It  was  observed  in  general  that  the  A 
pieces  broke  squarely  across,  while  a  B  piece  ruptured  in  difterent 
planes  on  the  upper  and  lower  surfaces;  so  that,  in  fact,  it  often  split 
or  sheared  into  two  thinner  sheets,  which  were  then  pulled  apart  from 
each  other.  The  structure  of  the  Old  Bangor  specimens  was,  hence, 
more  laminated  and  fibrous  than  that  of  the  Albion  ones. 
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Specific  Gravity. — The  density  was  next  determined  for  eacli  speci- 
men by  weighing  it  in  air,  and  then  in  water,  from  which  data  the 
sijecific  gravity  was  computed. 

The  results  given  in  Tables  A  and  B  show  that  the  mean  density  of 
the  two  kinds  of  slate  is  almost  exactly  the  same,  being  2.775  for  the 
Albion  and  2. 780  for  the  Old  Bangor,  but  the  former  seem  the  more 
uniform  in  density  as  shown  by  the  smaller  range  between  the  maxi- 
mum and  minimum  values. 

Softness  07'  Capacity  for  Abrasion. — The  hardness  of  the  slates  was 
next  tested  by  subjecting  them  to  abrasion  upon  a  grindstone  whose 
thickness  was  li  inches  and  diameter  7  inches.  A  piece  of  slate 
about  4x4  inches  was  accurately  weighed,  and  then  held  against  the 
grindstone  by  a  lever,  which  exerted  a  constant  pressure  of  10  pounds 
upon  it  while  the  grindstone  was  turned  fifty  times.  The  piece  was 
then  weighed  again,  and  the  difference  of  the  two  weights  gives  the 
amount  ground  off.  The  results  thus  obtained  indicate  the  hardness, 
or  rather  the  softness,  for  the  greater  the  abrasion,  the  softer  is  the 
material.  Tables  A  and  B,  which  give  these  results  for  each  speci- 
men, show  the  mean  values  to  be  80  grains  for  the  Albion  and  128 
grains  for  the  Old  Bangor  slates.  It  would  appear,  therefore,  that  if 
used  for  sidewalks,  or  in  circumstances  where  hardness  is  the  only 
important  quality,  the  Albion  slate  is  the  better  of  the  two  kinds. 
Por  a  roofing  material,  however,  hardness  is  not  necessarily  a  valua- 
ble quality,  and  it  will  appear  later  in  this  discussion  that  the  softer 
slate  has  the  higher  strength  and  weathering  qualities. 

Porosity. — The  well-known  test  for  porosity  is  to  determine  the 
jjerceutage  of  water  absorbed  by  the  specimens  under  similar  condi- 
tions. In  the  absence  of  standard  rules  regarding  the  shape  and  size 
of  the  siDccimen,  its  degree  of  dryness,  or  time  of  immersion,  the  fol- 
lowing procedure  was  adopted:  A  piece  of  slate  from  each  specimen 
was  cut  to  a  size  about  3x4  inches,  the  edges  being  left  rough  and 
irregular.  These  were  dried  for  twenty-four  hours  in  an  oven  at  a 
temperature  of  135  degrees  Fahr.  After  cooling  to  the  normal  tem- 
perature of  the  room,  they  were  weighed  on  delicate  scales,  and  then 
immersed  in  water  for  twenty-four  hours,  when  they  were  taken  out 
and  weiglied  again.  The  difference  of  these  weights,  divided  by  the 
first  weight,  gives  the  percentage  of  water  absorbed  by  a  specimen. 
Tables  A  and  B  exhibit  the  results  thus  obtained,  and  it  is  seen  that 
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the  mean  ijercentage  for  the  Albion  slate  is  0.238,  while  for  the  Old 
Bangor  slates  it  is  0.145. 

Corrosion  by  Acids. — In  order  to  imitate  the  action  of  smoke  and  of 
stdphnrous  fumes  of  manufactories,  the  following  test  was  used :  A 
solution  of  hydrochloric  and  sulphuilc  acids  was  iH'epared,  consisting  by 
weight  of  98  parts  of  water,  1  part  of  hydrochloric  and  1  part  of 
sulphuric  acid.  In  this,  pieces  of  slate  about  3x4  inches  in  size  were 
immersed  for  certain  periods  of  time,  having  first  been  carefully 
weighed.  After  being  taken  out  of  the  solution,  they  were  dried  for 
two  hours  in  the  normal  air  of  the  laboratory,  and  were  again  weighed. 
Thus  the  loss  of  weight  due  to  the  corrosive  action  of  the  acids  was 
ascertained.  The  results  were  then  transformed  into  j)ercentages  of 
the  original  weight,  which  give  an  absolute  measure  of  the  corrosion. 
Two  specimens  of  each  kind  of  slate  were  kept  for  twenty-four  hours 
in  the  solution,  and  gave  the  following  percentages  of  loss  of  weight  : 

Albion.  '  Old  Bangor. 

A6 0.342       B5 0.297 

A8 0.400  I     B7 0.235 

Mean 0.371  I  Mean 0.266 

Two  specimens  of  each  variety  of  slate  were  kept  for  eighty-seven 
hours  in  the  acid  solution,  and  there  were  found  the  following  per- 
centages of  loss  of  weight : 

Albion.  I  Old  Bangor. 

A5 0.676       B2   0.633 

A7 0.627  j     B12 0  696 

Mean 0.651  '  Mean 0.665 

Most  of  the  specimens,  however,  remained  in  the  acid  for  a  period 
of  sixty-three  hoiu's,  and  from  these  the  percentages  of  loss  of  weight 
were  obtained,  which  are  given  in  Tables  A  and  B.  After  the  tests, 
the  siu'faces  of  the  pieces  showed  but  slight  traces  of  acid  action,  not- 
withstanding the  loss  of  weight. 

These  results  plainly  indicate  that  the  corrosion  or  disintegration 
rapidly  increased  with  the  time.  The  sum  of  these  means  for  twenty- 
four  hours,  sixty-three  hours  and  eighty-seven  hours,  is  1.569  percent, 
for  the  Albion  specimens,  and  1.377  per  cent,  for  the  Old  Bangor  speci- 
mens, which  may,  i^erhaps,  be  taken  as  the  final  values  for  comparison, 
although  it  should  be  noted  that  in  the  long  test  of  eighty -seven  hours 
the  Albion  mean  is  less  than  the  Old  Bangor  mean. 
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TABLE  A. — Tests  of  Albion  Slates. 


Strength. 

T  OUGHNESS. 

Density. 

Softness. 

POBOSITT. 

CORRODIBILITT. 

Mark 

of  the 

Specimens. 

Modulus 
of  rupture, 
in  pounds 
per  square 
inch. 

Ultimate 

deflection, 

in  inches, 

on  supports 

22  inches 

apart. 

Specific 
gravity. 

Amonnt  in 
grains, 
abraded 
by  50  turns 
of  a  small 
grindstone. 

Per  cent,  of 

water 

absorbed  in 

24  hours. 

Per  cent,  of 

weight 
lost  in  63 
hours  in 

acid 
solution. 

Al 

6  920 

7  ."ieo 

6  230 

7  330 

6  920 

7  130 
9  110 

6  220 

7  565 
7  845 
6  930 
6  080 

0.25 
0.31 
0.25 
0.34 
0.31 
0.25 
0.31 
0.22 
0.26 
0.30 
0.22 
0.22 

2.770 
2.775 
2.782 
2  761 
2.781 
2.775 
2.781 
2.775 
2.764 
2.765 
2.781 
2.785 

86 
97 
65 
76 
86 
86 
86 
76 
65 
86 
86 
65 

0.238 
0.219 
0.171 
0.259 
0.303 
0.274 
0.246 
0.197 
0.263 
0.228 
0.232 
0.228 

0.588 

A2 

A3 

0.619 
0.500 

A4 

0.614 

A5 

A6 

A7 

A8 

A9 

0.616 

AlO 

All 

A12 

0.508 
0.491 
0.438 

Means 

7  150 

0.270 

2.775 

80 

0.238 

0.547 

TABLE  B. — Tests  of  Old  Bangoe  Slates. 


Strength. 

Toughness. 

Density. 

Softness. 

Porosity. 

Corrodibility. 

Mark 

of  the 

Specimens. 

Modulus 

of  rupture, 

in  pounds 

per  square 

inch. 

TJltimate 
deflection, 
in  inches, 
on  supports 
22  inches 
apart. 

SpeciSc 
gravity. 

Amount    in 

grains, 

abraded 

by  50  turns 

of  a  small 

grindstone. 

Per  cent,  of 

water 

absorbed  in 

24  hours. 

Per  cent,  of 

weight 

lost  in  63 

hours  in 

acid 
solution. 

Bl 

11  550 
11  540 

0.32 

0.38 
0.31 
0.31 
0.25 
0.31 
0.27 
0.40 
0.32 
0.37 
0.23 
0.32 

2.816 
2.807 
2.795 
2.784 
2.779 
2.7.59 
2.776 
2.769 
2.78-2 
2.767 
2.769 
2.754 

151 
140 

76 
119 

86 
130 
119 
130 
173 

86 
140 
184 

0.131 
0.170 
0.099 
0.127 
0.204 
0.174 
0.167 
0.123 
0.123 
0.169 
0.099 
0.152 

0.410 

B2 

B3 

B4 

B5 

B6 

9  740 

8  650 
7  280 

9  220 

0.439 
0.481 

b.'sii 

B7 

8  440 
11  570 
10  215 
10  900 

8  120 
10  490 

B8 

0  551 

B9 

0  464 

BIO 

BU 

0  404 

B12 

Means 

9  810 

0.312 

2.780 

128 

0.145 

0.446 

Discussion  of  the  Tests. — The  above  physical  tests  were  mostly  made 
under  the  writer's  direction,  by  Mr.  J.  P.  Brooks,  Instructor  in  Civil 
Engineering  in  Lehigh  University.  Great  care  was  taken  to  con- 
duct them  so  that  the  numerical  results  would  be  strictly  comparable. 
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The  recapitulation  of  the  mean  results  of  these  tests  will  be  iiseftil 
at  the  outset  of  the  discussion.  These  mean  values  have,  according  to 
the  principles  of  the  method  of  least  squares,  about  twelve  times  the 
weight  of  a  single  determination,  and  should  hence  be  expected  to  fur- 
nish a  tolerably  reliable  indication  concerning  the  properties  under  in- 
vestigation.    They  are  given  in  Table  C,  and  it  is  at  once  seen  that 

TABLE  C. — Mean  Resux,ts  of  Phtsicax,  Tests. 


Properly. 


Measured  by- 


Porosity 

Corrodibility . . 


Strength Modulus  of    rupture,  in   pounds  per 

square  inch 

Toughness Ultimate  deflection,  in  inches,  on  sup- 
ports 22  inches  apart 

Specific  gravity 

Weight,  in  grains,  abraded  on  grind- 
stone under  the  stated  couditioDs. . . 

Per  cent,  of  water  absorbed  in  24  hours, 
when  thoroughly  dried 

Per  cent,  of  weight  lost  in  acid  solution 
in  63  hours 


Density. 
Softness . 


Albion 
slates. 


7  150 


0.270 
2.775 


0.238 
0.547 


Old   Bangor 
slates. 


9  810 

0.313 
2.780 

128 

0.145 

0.446 


Mean  of 
both. 


8  480 

0.291 
2.777 

104 

0.191 

0.496 


the  different  qualities  are  connected  by  definite  relations,  the  strongest 
slate  being  the  toughest  and  softest,  as  also  the  least  porous  and 
corrodible. 

This  conclusion  is  established  in  a  manner  thoroughly  satisfactory 
by  plotting  the  results  for  the  individual  specimens.  For  instance, 
in  Fig.  4  is  given  a  comparison  of  the  A  and  B  specimens  as  respects 
strength  and  porosity,  the  values  of  the  former  being  laid  oif  as  ordi" 
nates,  and  those  of  the  latter  as  abscissas.  It  is  seen  that  the  general 
results  concluded  from  the  means  hold  good,  likewise,  for  many  of 
the  specimens;  for  example,  B5  is  the  weakest  Old  Bangor  specimen, 
and  its  porosity  is  the  greatest. 

Fig.  5  exhibits  the  relation  between  strength  and  softness  in  a 
similar  manner,  the  conclusion  being  everywhere  apparent  that  the 
greater  the  strength,  the  greater,  also,  is  the  softness  or  capacity  for 
abrasion.  This  result  was  unexiDected,  and  cannot,  of  course,  be  laid 
do-v\Ti  as  a  general  rule  ajjplicable  to  building-stones,  or  even  to  slates 
which  differ  greatly  in  structure.  The  cajaacity  for  abrasion  here 
seems  allied  to  toughness,  or  it  denotes  the  lack  of  brittleness ;  but 
this  relation  certainly  is  not  a  general  one,  although  it  is  true  for  the 
roofing  slates  here  discussed,  and  also  for  others  which  the  writer  has 
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investigated.  Tlie  testimony  of  tlie  qnarrymen,  moreover,  as  far  as 
he  has  been  able  to  obtain  it,  seems  to  verify  the  conclusion  that  in 
this  slate  region,  softness,  strength  and  toughness  are  qualities  closely 
connected. 
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Similar  graphic  comparisons  have  been  made  betTteen  strength  and 
toughness,  strength  and  corrodibility,  and  ijorosity  and  corrodibility. 
The  conclusion  is  irresistible  that  these  qualities  are  so  connected  that 
one  may  be  taken  as  an  approximate  index  of  the  others;  and,  after 
carefully  considering  the  whole  field,  the  writer  does  not  hesitate  to 
decide  that  the  test  for  transverse  strength  is  the  one  which  is  the  most 
satisfactory  for  roofing  slates,  if  only  one  test  is  to  be  made.     It  is  one 
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that  can  be  made  quickly,  and  witliout  expensive  apparatus.  The 
modulus  of  rupture  is  an  absolute  quantity  independent  of  the  size  of 
the  specimen,  and  it  gives  to  the  engineer  a  more  definite  idea  of  the 
quality  of  materials  than  do  the  figures  indicating  other  properties. 
In  making  this  test  it  will  usually  be  easy  to  measure  the  deflections 
and  thus  obtain  the  means  for  comparing  the  toughness  as  well  as 
the  strength. 
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ON    GRIND  ST  one: 


While  the  test  for  porosity  is  a  valuable  one,  it  is  necessary  that 
the  specimens  should  be  brought  to  the  same  degree  of  dryness  by 
heating  them  for  an  entii-e  day;  and  as  the  amount  of  water  absorbed  is 
only  about  one-fifth  of  1  per  cent.,  the  weighing  must  be  done  Tvith 
care.  The  test  for  corrodibility  is  also  a  good  one,  but  precise  weigh- 
ing is  also  necessary.  The  tests  for  abrasion  on  a  grindstone  and  for 
specific  gravity  appear  lowest  of  all  in  practical  value,  and  their  use 
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cannot,  in  general,  be  recommended,  the  former  being  liable  to  be  mis- 
interpreted, and  the  latter  not  being  sharply  related,  in  this  case  at 
least,  to  the  strength  and  weathering  qualities. 

Chemical  Analyses. — Although  the  interpretation  of  chemical  analyses 
is,  at  the  best,  imperfect  and  unsatisfactory,  it  was  not  thought  advis- 
able to  entirely  neglect  them  in  this  investigation.  The  physical 
properties  being  known,  they  may  perhaps  be  in  some  measure  ac- 
counted for  by  the  chemical  composition.  Hence,  an  analysis  was 
made  of  each  of  the  varieties  of  slate  by  Dr.  Frederick  Fox,  Instructor 
in  Chemistry  in  Lehigh  University.  The  exijense  of  chemical  work  is 
so  great  that  an  analysis  of  each  specimen  could  not  be  undertaken, 
and  accordingly  B3  was  selected  as  being  an  average  sample  in  strength 
and  weathering  qualities.  The  analysis  of  the  A  slates  was  begun 
before  the  physical  tests  were  made,  and  accordingly  small  j^ieces 
broken  from  the  corner  of  the  Al  and  A  2  specimens  were  ground  up 
and  mixed  together  as  a  mean  compound.  The  complete  analysis  of 
the  slates  was  not  undertaken,  this  being  a  long  and  expensive  opera- 
tion, but  such  elements  were  determined  as  would  probably  afford  in- 
dications, first,  of  its  valuable  qualities,  and,  secondly,  of  its  injurious 
constituents.     The  following  is  the  report  of  the  chemical  analyses. 

Albion.        Old  Bangor. 

Silica  (SiO) 55.18  56.97 

Oxides  of  iron  and  aluminum  (Fe^  O.^  +  Al^  O3) . . .  25. 57  26. 05 

Carbonic  acid  (CO2)  and  organic  matter 8.36  7.14 

Oxide  of  calcium  (CaO)  or  lime 4.09  4.38 

Oxide  of  magnesium  (MgO) 2.10  2.69 

Sulphur  (S) 0.700  0.462 

Oxides  of  sodium  and  potassium  (by  diflference) .  4.00  2.31 
Manganese  is  present  in  all  the  slates. 

The  above  are  the  substances  actually  determined  in  the  chemical 
work.  They  do  not,  however,  exist  in  these  forms  in  the  slate  itself. 
Slate  consists  principally  of  silicates  of  iron  and  aluminum,  with 
smaller  proportions  of  silicates  of  sodium  and  potassiiim,  together 
with  carbonates  of  lime  and  magnesium,  and  sulphide  of  iron  as  im- 
purities. In  the  analysis  the  silicates  are  broken  up  into  silica  and 
oxides,  and  these  separately  determined.  So  the  carbonate  of  lime  is 
broken  up  into  carbonic  acid  and  oxide  of  calcium,  and  the  latter  de- 
termined. 
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No'R',  the  valuable  constituents  of  slate  are  the  silicates  of  iron  and 
aluminum,  or  the  clay,  this  being  inert  and  incorrodible.  The  per- 
centage of  this  is  easily  comjDuted  from  the  chemical  analyses  to  be  as 
follows : 

Albion.      Old  Bangor. 

Silicates  of  iron  and  aluminum 80.75        83.02 

which  indicates  the  Old  Bangor  to  be  better  than  the  Albion,  other 
things  being  equal. 

The  injurious  constituents  in  slate  are  the  carbonates  of  lime  and 
magnesia,  and  the  sulphide  of  iron,  or  iron  pyrites.  The  carbonates 
are  easily  attacked  and  dissolved  by  water  which  has  been  rendered 
slightly  acid  by  smoke,  and  the  pyrites  is  apt  to  cause  disintegration. 
The  chemical  analyses  furnish  the  means  of  computing  the  carbonates 
and  the  amount  of  pyrites  is  probably  closely  proportioned  to  that  of 
the  sulphur.  The  percentage  of  sulphur,  however,  is  so  small  in  all  the 
specimens,  that  its  influence  is  probably  slight.  The  comj)uted  per- 
centages of  carbonates  are — 

Albion.        Old  Bangor. 

Carbonate  of  lime 7.40  7.82 

Carbonate  of  magnesia 4 .  41  5 .  65 

Total  carbonates 11.71        13.47 

and  these  indicate  the  Albion  as  likely  to  be  less  corrodible  than  the 
Old  Bangor  slate.  This  conclusion  is  not  justified  by  the  corrosion 
tests,  except  in  the  case  of  the  two  specimens  which  were  soaked  for 
eighty-seven  hours. 

In  the  presence  of  the  physical  tests,  the  chemical  indications  as  to 
liability  to  corrodibility  may,  perhaps,  be  explained  by  saying  that  in 
its  constituents  the  Albion  has  the  greater  caj)acity  to  resist  corrosion, 
but  that  its  structure,  as  shown  by  strength  and  jDorosity,  is  such  as  to 
render  it  scarcely  equal  to  the  Old  Bangor  in  this  respect. 

Conclusions. — The  above  investigation  seems  to  indicate  the  follow- 
ing conclusions  regarding  the  soft  roofing  slates  of  Northampton 
County,  Pa. : 

1.  Slates  containing  soft  ribbons  are,  by  common  consent,  of  an 
inferior  quality,  and  should  not  be  used  in  good  work. 

2.  The  soft  roofing  slates  weigh  about  173  pounds  per  cubic  foot, 
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and  the  best  qualities  have  a  modiiliis  of   riijiture  of  from  7  000  to 
10  000  pounds  per  square  inch. 

3.  The  stronger  the  slate,  the  greater  is  its  toughness  and  softness, 
and  the  less  is  its  porosity  and  corrodibility. 

4.  Softness,  or  liability  to  abrasion,  does  not  indicate  inferior  roofing- 
slate;  but,  on  the  contrary,  it  is  an  indication  of  strength  and  good 
weathering  qualities. 

5.  The  strongest  slate  stands  highest  in  weathering  qualities,  so  that 
a  flexural  test  affords  an  excellent  index  of  all  its  properties,  partic- 
ularly if  the  ultimate  deflection  and  the  manner  of  rupture  be  noted. 

6.  The  strongest  and  best  slate  has  the  highest  percentage  of  sili- 
cates of  iron  and  aluminum,  but  is  not  necessarily  the  lowe:  in  car- 
bonates of  lime  and  magnesia. 

7.  Chemical  analyses  give  only  imperfect  conclusions  regarding  the 
weathering  qualities  of  slate,  and  they  do  not  satisfactorily  explain  the 
physical  properties. 

8.  Architects  and  engineers  who  write  specifications  for  roofing  slate 
will  probably  obtain  a  more  satisfactory  quality  if  they  '  isert  require- 
ments for  a  flexural  test  to  be  made  on  several  specimens  picked  at 
random  out  of  each  lot. 

9.  Although  the  field  of  this  investigation  is  probably  not  suflficiently 
extended  to  fully  warrant  the  recommendation,  it  is  suggested  that 
such  specifications  should  require  roofing  slates  to  have  a  modulus  of 
mixture,  as  determined  by  the  flexural  test,  greater  than  7  000  pounds 
per  square  inch. 


DISCUSSION. 


CHAKiiES  B.  Beush,  Vice-President  Am.  Soc.  C.  E. — I  want  to  con- 
gratulate the  gentleman  on  the  very  pleasing  way  in  which  he  has 
j)resented  his  paper.  Instead  of  reading  the  paper  in  full,  or  instead 
of  making  certain  selections  from  it  which  are  not  connected  with 
other  selections,  he  has  taken  the  gist  of  the  paper  and  presented  it 
to  us. 

There  is  one  thing  in  relation  to  slates  that  I  have  not  heard  Mr. 
Merriman  refer  to.  A  very  common  test  is  simply  to  balance  one  of 
the  slates  on  your  hand  and  strike  it  and  listen  to  the  ringing  sound. 
So  far  as  my  experience  has  gone,  this  is  a  very  simple  and  it  has 
proved  to  be  a  very  satisfactory  test.     I  do  not  know  what  his  expe- 
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rience  has  been  in  relation  to  that  test,  whether  it  is  a  fallacy  or  an 
indication  of  the  good  quality  of  the  slate. 

Another  very  important  quality  is  the  degree  of  brittleness.  I 
presume  that  was  covered  by  what  the  paper  presents  in  relation  to 
toughness  and  softness.  Of  course,  a  slate  readily  broken  when 
punched  is  of  much  less  value  than  one  which  can  be  readily  fastened 
in  place.  I  was  not  present  at  the  beginning  of  the  meeting,  however, 
and  did  not  hear  the  early  i^art  of  the  paper.  Perhai^s  Mr.  Merriman 
may  have  referred  to  these  two  very  common  tests;  if  not,  I  would  be 
glad  if  he  would  inform  us  as  to  the  results  obtained  by  common  prac- 
tice as  compared  with  the  more  elaborate  tests  he  has  jDresented. 

Ma^'sfield  Mekrijia^t,  M.  Am.  Soc.  C.  E.  — In  regard  to  the  ringing 
test,  I  know  that  it  is  one  often  used  with  slates  as  with  bricks,  but 
as  its  results  cannot  be  expressed  quantitatively  I  did  not  make  notes 
upon  .^<  The  question  of  brittleness  is  mentioned  in  the  paper,  this 
quality  b  "'  the  reverse  of  toughness.  Slates  which  break  with  a 
small  deflectiou  and  show  a  square  fracture  are  apt  to  be  brittle. 

Mr.  Bkush. — The  A  slate,  as  I  take  it,  is  the  inferior;  the  B  is  that 
taken  from  the  center  of  the  bed,  or  the  better;  and  the  C  slate  the 
best,  if  I  understand  the  gentleman.  If  that  is  true,  I  would  like  to 
ask  whether  any  similar  examinations  have  been  made  in  connection 
vrith  the  bo'iiom  slate — the  C  slate  ? 

Mr.  Meeeiman. — There  are  few  quarries  in  the  Cbeds,  and  I  know 
of  only  one  which  makes  roofing  slate.  This  slate  is  very  heavy, 
and  some  of  it  is  said  to  weigh  more  than  200  pounds  per  cubic  foot. 
It  is  not  so  easily  split  into  thin  plates  as  the  A  and  B  kinds,  and 
hence  comparatively  little  roofing  slate  is  produced  from  it.  I  have 
made  no  tests  of  the  C  slates  and  do  not  know  whether  they  are  better 
than  the  A  and  B  kinds,  or  not. 

Mr.  Beush. — What  is  that  C  slate  used  for  principally  '? 

Mr.  Mekriman.— Largely  for  sidewalks  and  for  steps  or  risers. 
It  is  usuallv  too  hard  for  school  slates  or  blackboards. 
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HARDENING  STRUCTURAL  STEEL. 


By  A.  C  Cunningham,  Assoc.  M.  Am.  Soc.  C.  E. 
Bead  June  10th,  1892. 


WITH  DISCUSSION.* 

After  the  idea  of  hardening  steel  eye-bars  had  occurred  to  the  writer, 
inquiry  developed  the  fact  that  the  matter  had  been  considered  before; 
but  as  no  definite  information  or  data  are  available,  the  subject  of 
hardening  steel  eye-bars,  and  steel  generally,  for  structural  purposes, 
will  be  considered  independently. 

Steel  Eye- Bars. — The  present  practice  in  making  steel  eye-bars  is  to 
upset  the  bar,  producing  an  enlargement  on  the  end,  which  is  then  re- 
heated and  hammered  to  the  shape  of  the  head.  The  upsetting,  ham- 
mering and  partial  heating  of  the  bar,  in  forming  the  head,  leaves  the 
steel  in  an  uncertain  condition,  but,  without  doubt,  with  internal 
stresses  and  more  or  less  derangement  of  structure.     To  remove  these 

*  See  page  37-1. 
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internal  stresses  and  allow  the  steel  to  adjust  itself,  the  bar,  after  hav- 
ing the  heads  formed,  is  placed  in  a  special  furnace,  brought  to  a  red 
heat,  and  then  allowed  to  cool  slowly  or  anneal;  the  bar  is  now  straight- 
ened and  the  pin  holes  drilled,  which  completes  the  manufacture. 

Tables  A  and  B  are  given  in  illustration  of  the  derangement  of  struc- 
ture due  to  upsetting,  etc.,  and  the  re-adjustment  after  annealing;  and 
it  may  be  well  to  note  here  that  the  experience  of  the  writer  shows 
that  the  annealing  of  small  specimens  in  lime  is  not  always  followed  by 
a  softening,  or  lowering  of  the  ultimate  strength  of  the  specimens,  but 
often  by  an  increase  of  ultimate  strength;  there  is  nearly  always,  how- 
ever, an  increase  of  stretch  and  reduction,  and  an  imj)rovement  of 
fracture. 

The  effect  of  the  annealing  in  the  furnace  is  to  soften  the  bar,  so 
that,  when  tested  in  full  size,  there  is  a  loss  of  ultimate  strength  of  from 
2  000  to  6  000  pounds  per  square  inch,  as  compared  with  the  specimen 
test  made  on  the  material  before  annealing.  This  loss  of  strength  is  a 
fruitful  source  of  annoyance  to  engineers  and  manufacturers,  for  if  no 
allowance  has  been  made  in  the  specifications  for  the  variation,  steel 
may  have  been  used  which,  in  specimen  test,  before  anneaKng,  was 
near  the  lower  limit,  and  when  tested  in  the  finished  bar,  is  much  too 
low  in  ultimate.  On  the  other  hand,  if  the  manufacturer  keeps  the  car- 
bon up,  so  that  the  steel,  in  the  specimen  test,  shall  be  near  the  ujjper 
limit  of  the  specification,  he  may  lose  more  or  less  of  it  on  account  of 
the  steel  testing  beyond  the  upper  limit. 

If  the  operations  in  making  steel  eye-bars  be  carried  on  as  above  to 
the  point  where  the  steel  reaches  a  red  heat  in  the  furnace,  and  if  then, 
instead  of  being  allowed  to  cool  slowly,  or  anneal,  the  bars  are  removed 
and  plunged  in  a  tempering  bath,  the  result  will  be  a  hardening  or  raising 
of  the  ultimate  strength,  proiDortional  to  the  carbon  in  the  steel,  the 
temperature  of  the  bar,  and  the  temperature  and  nature  of  the  bath. 

The  effects  of  hardening  under  various  conditions  are  shown  in 
Tables  C,  D  and  E. 

The  specimens  which  were  quenched  in  oil  were  heated  in  a  furnace 
especially  adapted  for  this  purpose,  and  were  quite  uniformly  and 
evenly  heated.  The  other  sj)ecimens  in  Table  C  were  heated  in  a  rivet 
furnace,  and  those  in  Table  D  in  a  smith's  forge  fire,  so  that  the  condi- 
tions were  rather  against  the  tests.  Attention  is  called  to  the  excellent 
character  of  the  fractures  in  all  cases,  and  the  lo'w  stretch  and  high 
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reduction  indicate  that  a  material  is  produced  combining  toughness  and 
rigidity.  The  results  of  these  specimen  tests,  necessarily  made  under 
unfavorable  conditions,  seem  to  indicate  that  with  perfect  control  of 
the  conditions,  any  desired  results  might  be  obtained. 

Before  adopting  such  a  radical  change  in  the  manufacture  of  eye- 
bars,  it  would  be  advisable  to  thoroughly  test  a  sufficient  number  in 
full  size  to  show  exactly  what  the  effects  would  be,  and  the  following 
method  is  suggested: 

A  plate  to  be  rolled  of  such  dimensions  that  it  may  be  slotted  into 
two  eye-bar  flats,  and  also  give  a  sufficient  number  of  specimen  tests 
to  show  the  condition  of  the  steel  at  all  points.  The  two  flats  to  be 
made  into  eye-bars,  one  finished  by  the  annealing  method,  and  the 
other  hardened,  and  both  tested  for  comparison  (see  Sketch,  page  357). 

Compression  Members. — Another,  and  fully  as  important,  ai^plication 
of  hardening  steel,  is  in  the  compression  members  of  structures.  When 
it  becomes  necessary  or  desirable  to  use  hard  or  high  ultimate  steel, 
the  result  is  now  reached  by  the  addition  of  carbon,  and  a  material  is 
produced  which  must  be  worked  and  treated  with  great  care  ;  the  holes 
must  be  drilled,  and,  if  any  piece  is  partially  heated,  the  whole  piece 
must  be  finally  annealed.  By  using  a  soft  steel,  the  ordinary  shop 
practice  may  be  followed  and  the  steel  finally  hardened  to  the  desired 
point,  with  the  farther  advantage  that  the  heating  mil  remove  the  in- 
ternal stresses  which  may  have  been  caused  in  launching  and  working. 

The  hardening  property  of  steel  has  been  taken  advantage  of  in 
the  case  of  springs,  tools,  weapons,  etc.,  ever  since  they  have  been 
made  of  this  material,  and  there  seems  to  be  no  reason  why  it  should 
not  be  used  for  structural  material. 

The  writer  hopes  that  the  opinions. and  experience  of  those  better 
versed  on  this  subject  than  himself  may  be  brought  to  bear  on  the 
question,  and  if  there  is  any  value  in  hardening  structural  steel,  it  may 
be  taken  advantage  of. 


354 


CUNNINGHAM   ON   HARDENING   STEEL. 


TABLE  A. 

Specimen  Tests  Cut  feom  the  Head  of  a  Laege  Eye-Bae  aftee  the 
Same  had  been  Upset  and  Hammeeed  to  Shape,  and  befoee  An- 
nealing. 


No. 

Elastic  Limit 

per  square 

inch. 

Ultimate 
Strength  per 
square  inch. 

Per  Cent,  of 
Elongation 
in  8  Inches. 

Per  Cent,  of 

Reduction 

of  Area. 

Character  of  Fracture. 

1 
2 

38  610 

38  580 

61  720 
67  310 

7.0 
21.7 

"   1 

25.8      1 

Square— 100  per  cent,  gran- 
ular.   Broke  in  grip. 

Square — 100  per  cent,  gran- 
ular. 

TABLE  B. 

These  Tests  aee  the  Long  Ends  of  Tests  in  Table  A,  Annealed  in 
Lime,  and  Be-cut  in  Planer. 


No. 

Elastic  Limit 

per  square 

inch. 

Ultimate 
Strength  per 
square  inch. 

Per  Cent,  of 
Elongation 
in  8  Inches. 

Per  Cent,  of 

Reduction 

of  Area. 

Character  of  Fracture. 

1 
2 

38  220 
38  420 

67  600 
66  700 

20.3 
19.0 

47.8 
49.2 

Silky— angular. 
Silky— angular. 

TABLE  C. 

A  BAE  OF  |-incli  diameter  Bessemer  steel  of  very  ordinary  quality,  as 
shown  by  the  analysis,  Carbon  0.10  per  cent.,  Phos.  0.15  per  cent., 
Mang.  0.60  jier  cent.,  was  cut  into  nine  pieces,  wLicLi  were  num- 
bered consecutively  from  one  end.  1  and  9  were  tested  for  uni- 
formity of  bar,  2,  4,  6  and  8  were  quenched  in  water  at  various 
temperatures,  and  3,  5  and  7  were  quenched  in  fish  oil.* 


Bath. 

Per  cent. 

Elastic 

Ultimate 

elong.  in 

Per 

quenched 

limit 
per 

per 
square 

cent, 
red.  of 

Character 

No. 

Tem. 
Dg.F. 

of  fracture. 

Nature. 

sq.  in. 

inch. 

2-in. 

8-in. 

area. 

1.. 

Not 

quenched 

Cherry  red. 

40  350 

65  200 

42.0 

25.0 

•  59.5 

Silky    14  cup. 

9.. 

Not 

quenched 

40  420 

64  540 

35.0 

20.0 

59.1 

2.. 

Water 

59 

43  680 

87  030 

25.0 

13.7 

43.5 

4.. 

•' 

68 

42  600 

85  540 

27.0 

15.0 

41.6 

6.. 

•  • 

77 

42  050 

80  840 

28.0 

14.2 

44.7 

"          " 

8.. 

"     . . 

88 

44  000 

75  620 

29.0 

13.2 

54.9 

3.. 

Fish  oil 

90 

41700 

68  130 

38.0 

22.2 

56.6 

5.. 

" 

90 

41400 

67  800 

40.0 

22.7 

57.0 

7. . 

90 

40  800 

67  040 

38.5 

22.5 

57.3 

*  See  Plate  L  for  view  of  fractures. 
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TABLE  D. 

A  BAB  OF  .J -inch  diameter  open-liearth  steel  of  good  quality,  as  shown 
by  the  analysis,  Carbon  0.20  per  cent.,  Phos.  0.05  per  cent.,  Mang. 
0.50  per  cent.,  -was  cut  into  twenty-five  pieces,  which  were  num- 
bered consecutively  from  one  end.  Five  pieces  were  tested  for  uni- 
formity of  bar,  and  the  balance  were  quenched  as  indicated  in 
the  table.* 


Bath 

Elastic 

Ulti- 

Per 
elon 

cent, 
g.  in 

Per 

6 

Test 

quenched 

from 

limit 

per 

sq.  in 

mate 

per 

sq.  in. 

cent. 

red.  of 

area. 

Character 
of  fracture. 

c. 

d 

Nature. 

Tem. 
Dg.F. 

2-in. 

8-in. 

2 

1 

Not 

quenched 

Cherry  red. 

44  180 

CO  300 

42.0 

26.5 

59.6 

Silky    3/    cup. 

7 

Not 

quenched 

42  980 

59  040 

41.0 

26.0 

57.1 

/a 

13  Not 

quenched 

40  830 

59  380 

37.0 

23.8 

57.4 

"          }i      " 

n 

19 

Not 

quenched 

39  500 

58  210 

38.5 

25.0 

56.9 

"          ..       " 

25 

Not 

quenched 

41070 

57  750 

38.5 

24.8 

69.3 

"       'A    •• 

J 

2 

Water 

56 

45  930 

79  690 

25.0 

18.2 

42.9 

)z 

] 

3 

••      . 

56 

45  450 

76  500 

24.0 

17.7 

44.5 

"          ..      " 

1 

4 

"      

56 

45  830 

75  360 

28.0 

14.2 

56.5 

"              ^2         " 

1-2 

5 

"      .... 

56 

46  250 

75  720 

26.0 

11.2 

57.4 

"               IJ        " 

1 

6 

"      

56 

41250 

76  380 

26.0 

15.7 

45.3 

"     k   '• 

J 

8 

Soap    and 

water  . . 

80 

45  300 

63  520 

28.0 

18.0 

59.3 

"     ..  " 

9 

Soap   and 

water . . 

80 

46  250 

63  500 

35.0 

22.5 

54.2 

"     %  " 

10 

Soap   and 

1 
•3 

water  . . 

80 

t( 

41580 

64  930 

38.0 

25.0 

55.6 

"       K    " 

11 

Soap   and 

water . . 

80 

45  030 

64  200 

33.0 

21.7 

58.4 

"       ..    " 

12 

Soap   and 

water  . . 

80 

41220 

64  330 

34.0 

19.5 

55.6 

"       Yz     " 

J 

U 

Boiling 

1 

water . . 

212 

45  370 

63  410 

35.0 

23.7 

56.0 

"        ..     " 

15 

Boiling 

water  . . 

212 

43  020 

64  840 

37.0 

24.2 

59.5 

"        A    " 

16 

Boiling 

■* 

water  .. 

212 

45  830 

61100 

39.0 

24.5 

56.5 

"        ..     " 

17 

Boiling 

water . . 

212 

dl  500 

62  320 

38.0 

20.5 

57.8 

"        ..     " 

IS 

Boiling 

water  . . 

212 

45  040 

65  750 

32.0 

23.0 

57.6 

"       K    " 

. 

20 

Fish  oil. . 

90 

46  950 

64  180 

39.0 

21.7 

55.8 

'•        'A     "      1 

21 

'< 

90 

45  5fiO 

63  140 

40.0 

22.0 

54.4 

"           )-z       " 

1 

22 

" 

90 

44  000 

63  140 

40.0 

22.5 

53.0 

"         ••     " 

\^ 

23 

" 

90 

44  000 

63  140 

37.0 

20.7 

54.4 

"       A    " 

1 

1i 

90 

45  030 

64  700 

37.0 

20.7 

57.1 

'•       A     "    1 

J 

*  See  Plate  L  for  view  of  fractures. 
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TABLE  E. 
AvEEAGES  of  the  Five  Groups  in  Table  D. 


d 

1 

Bath. 

Test 

quenched 

from 

Elastic 

limit 

per 

sq.  in. 

Ulti- 
mate 
per 
sq.  in. 

Per  cent, 
elong.  in 

Per 
cent, 
red.  of 
area. 

Character  of 

Nature. 

Tern. 
Dg.F. 

2-in. 

8-in. 

fracture. 

1 

2 

Not 

quenched 
Water 

56 

Cherry  red. 

41710 
41940 

58  930 
76  730 

39.4 
25.8 

25.2 
15.4 

58.0 
49.3 

Silky,   partial  cup. 

3 

Soap   and 
water  . . 

80 

« 

43  870 

64  100 

33.6 

21.3 

56.6 

.. 

5 

Boiling 

water  . . 
Fish  oil.. 

212 
90 

" 

44  150 

45  110 

63  440 
63  660 

36.2 
38.6 

23.6 
21.5 

57.5 
54.9 

:: 
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THE  RESULTS  OBTAINED  FROM  TESTS  OF  FULL- 
SIZED  STEEL  EYE-BARS. 


By  Fkedekick  H.  Lewis,  Esq. 
Bead  June  10th,  1892. 


WITH   DISCUSSION.* 


About  two  years  ago  the  writer  had  occasion  to  note  some  rather 
large  differences  in  ultimate  strength  in  tests  of  full-sized  steel  eye-bars, 
as  compared  with  the  small  specimen  tests  of  the  same  material.  Full- 
sized  bars  of  moderate  sections  showed  losses  in  ultimate  strength  of 
from  5  000  to  10  000  pounds  per  square  inch,  and  quite  notable  de- 
creases in  elastic  limit  also.  After  investigating  these  results  carefully 
until  satisfied  of  the  facts,  the  comparison  was  extended  to  quite  a 
series  of  other  tests,  and  the  conclusion  was  reached  that  these  losses 
were  the  rule  and  not  the  exception,  and  that  they  were  frequently 
large.  Here,  for  instance,  in  Table  No.  1,  is  a  comparison  of  results 
which  show  how  the  figures  run. 

*  See  page  374. 
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TABLE  No.  1. 

Comparison  of  Tests  of  Fui.l-Sized  Akne.\i.ed  Eye-Baes  ^\TrH 
Small  Specimen  Tests  cut  fkom  Matekial  polled  from  the 
SAME  Melt  of  Steel. 


Ultimate  Stbesgth. 

Size. 

ASEIA 

Specimen. 

Eye-Bar. 

Loss  on  Eye-Bar. 

^^  p 

4.06 

63  880 

63  500 

380 

A^A 

4.44 

67  140 

63  190 

3  mo 

4x1^ 

4.48 

68  400 

66  010 

2  390 

5  X    X 

4.53 

68  180 

65  2S0 

2  900 

5.26 

68  200 

58  170 

10  030 

*  X  l/g 

5.27 

64  660 

58  990 

5  670 

A   ^  J?« 

5.48 

63  100 

63  640 

+       540 

5(;o 

4  X  If 

5.53 

60  200 

59  640 

5  X  l| 

5.67 
5.8.5 

66  720 
65  500 

66  860 
58  300 

+       140 
7  200 

5  X  1  tV 

5.86 

67  915 

58  820 

9  095 

6x1 

6.05 

65  500 

63  920 

1  580 

6x1 

6.U 

61  060 

60  420 

3  640 

6x1 

6.16 

63  220 

64  000 

+       780 
4  010 

5x11 

6.22 

68  610 

64  600 

6.26 

65  420 

61  770 

3  650 

5  X  li 

6.28 

64  560 

65  200 

+       640 
1  060 

6.53 

65  720 

64  660 

= ""  1p 

6.58 

64  420 

62  230 

2  190 

^^  t 

6.79 

65  070 

57  870 

7  200 

5  X  13 

6.80 

63  540 

60  510 

3  030 

5  xlg 

6.83 

65  180 

61  900 

3  280 

5  X  13 

6.93 

64  210 

56  920 

7  290 

5xlg 

6.96 

62  940 

62  640 

300 

5  X  1| 

6.97 

67  230 

59  030 

8  200 

7x1 
7x1 

7.01 

65  030 

56  060 

8  970 

7.03 

62  220 

57  160 

5  360 

l^]^ 

7.08 

63  450 

58  120 

5  330 

5  X  1/s 

6  X  Itk 

7.14 

65  080 

64  780 

380 

7.15 

63  300 

60  980 

2  320 

6  X  ]A 

7.51 

62  090 

63  100 

+  1  010 
5  650 

6x1^ 
5xlJ 

7.56 

65  540 

59  890 

7.66 

67  440 

58  050 

9  390 

^""Ip 

7.88 

66  930 

61  150 

5  780 

5  X  15 

8.08 

64  080 

63  810 

270 

5  X  1| 

8.10 

64  560 

62  250 

2  310 

5x15 

8.25 

64  350 

60  660 

3  690 

7^lH' 

8.42 

65  470 

56  790 

8  6811 

Jxl/s 

9.86 

66  670 

60  240 

6  4TO 

7  X  U 

7x15 

10.23 

61  920 

62  800 

+      880 
1  190 

11.51 

64  270 

63  080 

7xlig 

12.83 

59  940 

69  930 

10 

I  ^  ^" 

12.90 

61  500 

59  290 

2  210 

8  X  2/5 

1 

19.46 

67  130 

56  890 

10  240 

The  tests  in  this  table  were  taken  at  random  from  a  large  file  of 
eye-bar  tests,  the  only  principle  of  selection  being  to  secure  those  whose 
small  specimen  tests  could  be  most  easily  verified.  The  list  is  repre- 
sentative, including  bars  forged  by  several  shops.  The  smaU  specimen 
tests  were  cut  from  bars  rolled  from  the  same  melts  of  steel  as  the  eye- 
bars  tested.     Generally,  but  not  always,  the   specimen  tests  were  cut 
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from  bars  of  the  same  sizes  as  the  eye-bars  ;  they  were  not,  however,  cut 
from  the  identical  bars. 

The  writer  failed  to  get  much  satisfaction  from  the  figures  excepting 
the  general  conclusion  stated  above.  No  law  of  variation  was  apparent, 
and  yet  definite  information  on  the  subject  was  clearly  of  much  practi- 
cal importance.  In  order,  therefore,  to  get  a  little  nearer  to  the  sub- 
ject, he  finally  concluded  to  get  some  comparative  tests,  in  which  the 
specimen  tests  should  be  cut  from  the  identical  bars  which  were  after- 
ward tested  as  eye-bars. 

Such  tests  have  accordingly  been  made  under  his  direction,  when- 
ever circumstances  rendered  it  practicable  to  get  them,  for  the  past  two 
years ;  and  as  a  result  he  now  has  a  record  of  thirty-five  good  tests,  cover- 
ing a  considerable  range  of  sizes.  By  "good  tests"  is  meant  simply 
that  the  bars  when  tested  gave  every  evidence  of  skillful  forging  and 
annealing.     This  series  of  tests  is  given  in  full  in  Table  No.  2. 

The  tests  are  rejiresentative  ones,  including  bars  forged  by  the  Edge 
Moor,  Union,  Pencoyd  and  Phoenix  Bridge  companies,  and  material 
rolled  by  the  Cambria,  Carnegie,  Pencoyd  and  Phoenix  Mills.  The 
specimen  tests  were  cut  from  the  bars  in  their  natural  state  as  they 
came  from  the  mills  ;  the  eye-bars  were  annealed  after  forging  in  the 
usual  way.  It  should  be  noted  that  a  number  of  these  specimen  tests 
were  made  as  a  special  matter,  quite  independent  of  the  regular  tests 
on  which  the  material  was  accepted  at  the  mill. 

This  table  gives  the  complete  record  of  these  tests,  so  that  all  the 
facts  may  be  available  ;  but  for  the  purpose  of  readily  getting  at  the 
gist  of  the  matter.  Table  No.  3,  giving  a  comparison  of  the  results  ob- 
tained, has  been  prepared. 

From  bars  2,  7,  11,  13,  14,  18,  23  and  24,  sections  were  also  cut  off  at 
the  mills  and  annealed  there,  and  specimen  tests  were  cut  from  these 
annealed  pieces.  A  comparative  table  of  the  results  obtained  from 
these  tests  is  given  in  Table  No.  4. 
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TABLE  No.  2. 

KESUiiTS  Obtained  fbom  the  Identical  Steei/  Baks  in  Small  Specimen 
Tests  and  in  Fulii-Sized  Annealed  Eye-Baus. 


Spkcimen  Tests. 

Ete-Bae  Tests. 

Size  of 
Bar. 

Area. 

d 

Elastic 

Ultimate 

Stretch 

o    .  1 

3  a 

Elastic 

Ultimate 

Stretch 
in 

N" 

Limit. 

Strength. 

in 
8  inches 

•a  o 

a 

Limit. 

Strength. 

gaug'd 
length. 

■; 

*^   i 

2.98 

36  660 

66  600 

30.7 

i 

52.8' 

39  030 

64  340 

20.1 

53.1 

2 

8x1^^8 

3.19 

40  730 

68  480 

27.5 

50.0 

39  640 

67  770 

12.5 

49.8 

3 

5x    i 

3.81 

38  340 

65  680 

27.0 

55.3 

34  790 

61  040 

13.6 

49.3 

4 

4x1 

4.04 

39  870 

70  650 

27.5 

47.4 

36  850 

64  620 

14.0 

46.8 

5 

5x   11 

4.16 

37  670 

68  560 

26.5 

47.9 

38  730 

65  210 

12.5 

45.9 

6 

ox   1 

4.35 

37  840 

67  030 

23.2 

46.7 

43  600(?) 

66  110 

10  9 

51.5 

7 

4xl| 

4.47 

41  670 

63  750 

23.7 

48.7 

38  780 

66  610 

14.3 

46.7 

8 

5x1 

5.02 

39  870 

63  480 

26.2 

52.0 

39  820 

62  980 

15.9 

51.2 

9 

5x1 

5.07 

39  030 

59  810 

29.5 

59.3 

36  640 

58  330 

13.8 

49.7 

10 

5xl| 

5.62 

33  570 

62  780 

25.5 

47.7 

35  930 

63  400 

15.2 

42.5 

11 

5  X  It's 

5.90 

39  650 

70  080 

22.5 

52.1 

37  330 

68  100 

12.3 

44.7 

12 

6x1 

6.11 

37  370 

60  080 

31.0 

62.5 

38  480 

58  330 

17.4 

52.7 

13 

oxli 

5.25 

40  650 

69  650 

22.0 

44.5 

36  880 

65  260 

11.4 

41.7 

14 

5xli^ 

6.25 

40  570 

70  000 

25.2 

44.5 

38  180 

66  250 

12.0 

48.0 

15 

5  X  It's 

6.53 

36  980 

72  840 

21.5 

49.2 

36  540 

64  660 

19.0 

46.1 

16 

5xli 

6.91 

37  030 

61  390 

24.3 

49.2 

38  080 

62  OOO 

16.3 

48.0 

17 

7x1 

7.01 

35  240 

68  850 

27.5 

47.2 

35  520 

61  200 

15.7 

55.9 

18 

5xli'g 

7.29 

39  280 

67  740 

25.5 

47.4 

37  170 

64  630 

11.0 

50.1 

19 

5x1^ 

7.52 

37  220 

62  740 

31.5 

69.3 

35  790 

58  990 

14.4 

51.6 

20 

6xli 

7.56 

38  690 

64  500 

21.2 

54.2 

35  880 

59  820 

17.5 

51.3 

21 

6xli 

7.01 

36  530 

64  210 

27.5 

47.5 

34  840 

61  110 

15.0 

46.0 

22 

6xU 

8.29 

32  310 

64  520 

25.7 

46.4 

34  440 

58  800 

18.0 

51.7 

23 

5xliJ 

8.30 

42  100 

71  580 

23.7 

48.8 

38  830 

68  800 

13.0 

40.4 

24 

5xli| 

8.35 

37  9.50 

66  770 

26.0 

45.1 

35  170 

63  020 

12.6 

52.9 

25 

8xlJ, 

8.46 

38  690 

62  770 

26.0 

52.7 

40  330 

61  840 

13.1 

46.0 

26 

8xlJg 

8.48 

36  450 

59  100 

31.0 

62.5 

37  550 

58  120 

15.7 

46.3 

27 

6xiy 

8.62 

36  530 

64  840 

27.0 

49.7 

32  420 

58  680 

14.2 

47.9 

28 

5xlJ 

8.82 

33  560 

62  780 

25.5 

47.7 

34  690 

63  130 

19.1 

44.3 

29 

8xU 

10.05 

34  590 

58  600 

33.0 

64.3 

34  710 

56  210 

17.8 

49.1 

30 

8  X  l^\ 

10.36 

39  400 

72  400 

23.5 

42.0 

36  960 

62  210 

14.3 

47.7 

31 

8  X  1  Jg 

10.44 

38  590 

66  820 

27.5 

48.6 

37  040 

62  460 

15.1 

48.3 

32 

8xl/j 

10.53 

36  090 

69  160 

31.0 

59.9 

36  720 

57  610 

19.7 

48.9 

33 

6xlii 

10.74 

37  490 

64  830 

26.7 

50  8 

36  080 

60  770 

18.1 

50.7 

34 

8x2 

15.96 

41  740 

65  450 

28.0 

50.4 

31  310 

53  670 

15.0 

51.8 

35 

8x2 

16.02 

40  400 

68  550 

25.0 

"■'i 

35  640 

60  730 

15.0 

49.1 

Ift 
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TABLE  No.  3. 

Comparison  of  Eesults   Given  in  Table  No.  2,  Showing  Losses   in 
Fuiiii-SizED  Eye-Bab  Tests — iDENircAii  Series. 


Elastic  Limit. 

Ultimate  Stre.sgth. 

No. 

Size  of 
Bar. 

Area. 

Specimen 
TestB. 

Eye-Bar 
Tests. 

Loss   in 

Eye- Bar 

Tests. 

Specimen 
Tests. 

Eye-Bar 

Tests. 

Loss  in 
Eye-Bar 

Tests. 

1...... 

4x    £ 

2.98 

36  660 

39  030 

+  2  370 

66  600 

64  340 

2  260 

2 

3  X  1,'g 

3.19 

40  730 

39  640 

1090 

68  480 

67  770 

710 

3 

5x    1 

3.81 

38  340 

34  790 

3  550 

65  680 

61  040 

4  640 

4 

4xl' 

4.04 

39  870 

36  850 

3  020 

70  650 

G4  620 

6  030 

5 

5xig 

4.16 

37  690 

38  730 

+  1  040 

68  560 

05  210 

3  350 

6 

5xlJ 

4.35 

37  8411 

43  60n(?) 

+  5  760 

67  030 

66  110 

920 

7 

4x14 

4.47 

41670 

38  780 

2  890 

68  750 

6G  610 

2U0 

8 

5xl' 

5.02 

39  870 

39  820 

50 

63  480 

62  980 

500 

9 

5x1 

5.07 

39  030 

36  640 

2  890 

59  810 

58  330 

1480 

10 

5xU 

5.62 

33  570 

35  930 

+  2  360 

62  780 

63  400 

+    620 

11 

5  X  Its 

5.90 

39  650 

37  330 

2  320 

70  080 

68  100 

1980 

12 

6x1 

6.11 

37  370 

38  480 

-f  1  110 

60  080 

58  330 

1750 

13 

5x1^ 

6.25 

40  650 

36  880 

3  770 

69  650 

65  260 

4  390 

14 

5xlJ 
5x1^^ 
5xlg 
7x1 

6.25 

40  570 

38  180 

2  390 

70  000 

r6  250 

3  750 

15 

6.53 

36  980 

36  540 

440 

72  840 

64  660 

8  180 

16 

6.91 

37  030 

38  080 

+  1050 

61  390 

62  000 

+    610 

17 

7.01 

35  240 

35  520 

+      280 

68  850 

01  200 

7  650 

18 

5  X  1/5 
5x  H 

7.29 

39  280 

37  170 

2  110 

67  740 

64  630 

3  110 

19 

7.52 

37  220 

35  790 

1  430 

62  720 

58  990 

3  730 

20 

6xU 

7..'i6 

38  690 

35  880 

2  810 

64  500 

69  880 

4  620 

21 

6xlf 
6xl| 

7.61 

36  530 

34  840 

1690 

64  210 

61  110 

3  100 

22 

8.29 

32  310 

34  440 

-f  2  130 

64  520 

58  800 

5  720 

23 

5xlii 

8.30 

42  100 

38  830 

3  270 

71  580 

68  800 

2  780 

24 

5xli| 

8  35 

37  950 

35  170 

2  780 

66  770 

63  020 

3  750 

25 

SxlJg 
8  x  IJ. 

8  46 

38  690 

40  330 

+  1  640 

62  770 

61  840 

930 

26 

8.48 

3f>450 

37  550 

+  ]  100 

^9  100 

58  120 

980 

27 

6jc  ip 

8.62 

36  530 

32  420 

4  110 

64  840 

58  680 

6  160 

28 

5x12" 

8.82 

33  560 

31600 

+  1130 

62  780 

63  130 

+    350 

29 

8xli 

10.05 

34  f>90 

34  710 

-f      120 

58  600 

56  210 

2  390 

30 

8  X  lj\ 

fixl^i. 
BxliH 
8x2 

10.36 

39  400 

3r.  9d0 

2  440 

72  400 

62  210 

10  190 

31 

10.44 

38  590 

37  040 

1650 

66  820 

62  460 

4  360 

32 

10.53 

36  090 

36  720 

+      0;J0 

59  160 

5'  610 

1550 

33 

10.74 

37  490 

36US0 

1410 

64  830 

60  770 

4  060 

34 

15.96 

41740 

31310 

10  430 

65  450 

53  670 

11  780 

35 

8x2 

16.02 

40  400 

35  640 

4  760 

68  550 

60  7.30 

7  820 

Tota 

Is 

1  330  370 

1  290  390 
39  980 

2  302  OJO 

2  176  870 
125  180 

Net 

Or  an  average  loss  per  bar  of  1 142  pounds  and   3  595  pounds   respectively  in  elastic 
limit  and  ultimate  strength. 
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TABLE  Xo.  4. 

COMPAEISOX    OF    EEStXT.S     OBTAINED    FEOil    AXNEAIiED     SpECTMEX    TeSTS 
TVITH   KESriiTS   GIVEK  FN   TABIiES   NoS.    2   AXD   3. 


Elastic  Limit. 

Ultimate  Stbength. 

Specimea  la 
natural  state. 

Annealed 
specimen. 

Eye-bar. 

Specimen  in 
natural  state. 

Annealed 
specimen. 

Eye-bar. 

o 

^5 

I'°'^^'i«.  ^f-_ 

Pounds. 

Per 
cent. 

Pounds. 

Per 

cent. 

Pounds. 

Per 
cent. 

Pounds. 

Per 
cent. 

Pounds. 

Per 
cent. 

2 
7 
11 
13 
14 
18 
23 
24 

40  730     100.0 

41  670     100.0 

39  650     100  0 

40  650     100.0 
40  570     100.0 
39  280     100.0 

42  100     100.0 
37  950     100.0 

39  730 

38S80 
39  280 

39  760 

40  340 
38  900 
41490 
37  690 

97.5 
93.4 
99.1 
97.8 
99.4 
99.0 
98.6 
99.3 

39  640 

38  780 

37  330 

36  880 

38  180 

37  170 

38  830 
35  170 

97.3 
93.1 
941 
90.7 
91.1 
94.6 
92.2 
92.7    . 

68  480 

68  750 
70  080 

69  650 

70  000 
67  740 
71560 
66  770 

100.0 

luo.o 

100.0 
100.0 
100.0 

100.0 

100.0 
100.0 

68  680 

66  850 

69  040 

68  580 

69  900 

67  220 
71420 
66  310 

100.3 
97.2 
98.5 
98.5 
99.9 
99.2 
99.8 
99.3 

67  770 
66  610 

68  100 

65  260 

66  250 
64  630 
68  800 
63  020 

99.0 
96.9 
97.2 
93.7 
95.1 
95.4 
96.1 
94.4 

The  whole  series,  as  given  in  Tables  Xos.  2,  3  and  4,  constitute  a 
unique  and  interesting  record,  and  as  it  afiords  sufficient  information 
(in  connection  with  well-known  facts  we  already  have)  to  reach  reason- 
ably clear  conclusions  about  these  losses  in  full-sized  steel  bars,  the 
results  are  now  presented. 

On  the  face  of  it.  Table  Xo.  3  is  chiefly  remarkable  for  its  irregu- 
larities, especially  in  the  matter  of  elastic  limit  (which  will  be  more 
fully  discussed  later  on).  It  is  clearly  more  regular  than  Table  Xo.  1, 
but,  still,  the  fact  that  there  is  a  large  amount  of  accidental  variation 
is  ajiparent.  It  is  imjoracticable  to  i^lat  the  results  into  a  line  or  curve, 
either  on  the  basis  of  area  or  of  the  area  divided  by  the  perimeter.  It 
is  impossible  to  predict  from  it  that  a  bar  of  such  a  size  will  lose  so 
much  in  full-sized  test,  or  that  such  another  bar  will  lose  so  much 
more  or  so  much  less  than  the  first. 

The  fact  is,  regnilarity  should  not  be  expected.  Steel  is  a  wonder- 
fully sensitive  metal,  reacting  quickly  under  different  conditions  of 
work,  temperature  and  chemical  composition.  There  are,  conse- 
quently, too  many  factors  present  in  most  cases  to  render  a  solution 
practicable. 

On  its  face.  Table  Xo.  3  shows  clearly  but  two  things,  viz. :  1st, 
that  all  steel  bars  lose  in  ultimate  strength  when  tested  in  full-sized 
annealed  eye-bars  (the  three  tests  which  show  an  increase  in  ultimate 
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strength  are  disregarded  in  tliis  conclusion,  because  the  increases  are 
so  small  that  they  are  well  within  the  limit  of  error  in  testing) ;  and 
2d,  that,  regardless  of  size,  any  bar  may  lose  as  much  as  3  000  or  4  000 
Ijounds  in  ultimate  strength  in  full-sized  test,  and  occasional  bars  will 
lose  10  000  to  12  000  pounds.     So  much  is  readily  ajiparent. 

But  a  little  closer  examination  shows  that  under  all  the  ajjparent 
irregularity  there  is,  after  all,  a  good  deal  of  uniformity.  Any  one 
who  examines  the  results  given  by  the  full-sized  bars  in  Table  No.  2 
will  probably  be  surprised  to  find  that  in  the  comparative  figures  given 
in  Table  No.  3  the  losses  in  ultimate  strength  amount  to  such  large 
figures  in  a  number  of  tests.  With,  perhaps,  one  exception,  every 
eye-bar  test  Avould  be  likely  to  secure  the  approval  of  bridge  engineers. 
As  a  matter  of  fact,  every  one  of  these  tests  was  acceptable  to  the  en- 
gineer in  whose  interest  it  was  made.  The  reason  why  this  is  true  is 
found  to  lie  in  the  fact  that  the  large  losses  occur  generally  in  bars 
which  give  high  figures  in  specimen  tests,  while  the  smaller  losses  and 
gains  occur  in  tests  which  show  low  figures  in  small  specimen  tests. 

The  specifications  under  which  these  bars  were  made  varied  a  little, 
but  for  practical  purposes  they  all  required  the  manufacturers  to  make 
a  steel  with  a  mean  ultimate  strength  of  about  64  000  to  65  000  pounds, 
per  square  inch,  with  3  000  or  4  000  pounds  leeway  either  above  or  be- 
low these  figures.  Now,  out  of  the  thirty-five  tests  there  are  twenty- 
four  having  ultimates  in  specimen  tests  exceeding  64  000  pounds,  and 
these  show  average  losses  of  4  720  pounds  each  in  full-sized  tests;  but 
there  are  eleven  with  ultimates  under  64  000  pounds  in  sj^ecimen  tests, 
and  these  show  average  losses  of  but  1  068  pounds  each.  The  same 
thing  is  true  of  the  series  of  tests  in  Table  No.  1;  the  thirty-one  tests 
having  ultimates  over  64  000  pounds  in  specimen  tests  show  average 
losses  of  4  368  pounds  each;  but  the  thirteen  tests  having  ultimates 
under  64  000  pounds  in  specimen  tests,  show  losses  of  but  1  215  j^ounds. 
That  this  is  not  accidental  is  shown  by  the  details.  The  losses  increase 
with  some  regularity  as  the  specimen  tests  give  higher  figures.  Thus, 
in  the  identical  series,  bars  testing  below  60  000  pounds  show  average 
losses  of  1  600  pounds  each;  those  testing  from  60  000  to  64  000  pounds, 
765  pounds  each;  those  testing  from  64  000  to  68  000  pounds,  4  520 
pounds  each;  those  testing  above  68  000  pounds,  4  910  pounds  each. 
In  the  series  of  tests  in  Table  No.  1,  bars  testing  between  64  000  and 
68  000  pounds  show  average  losses  of  4  300  jaounds  each,  but  bars  test- 
ing over  68  000  pounds  lost  4  830  pounds  each. 
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The  same  fact  is  even  more  clearly  api^arent  witli  respect  to  elastic 
limits.  In  the  identical  series  the  average  value  of  the  elastic  limit  in 
specimen  tests  is  just  38  000  pounds.  Omitting  Xo.  6  as  doubtful, 
there  are  seventeen  tests  giving  elastic  limits  below  38  000  pounds,  and 
these  seventeen  bars  include  all  but  one  of  those  which  show  gains  in 
full-sized  tests,  the  net  result  being  an  average  gain  of  86  j)ounds 
each.  On  the  other  hand,  there  are  seventeen  bars  which  give  elastic 
limits  above  38  000  pounds  in  specimen  tests  and  these  show  an  average 
loss  in  full-sized  tests  of  2  780  pounds  each. 

We  have  here,  then,  two  related  facts,  viz. :  1st,  in  spite  of  the  fact 
that  practically  every  bar  gave  a  lower  ultimate  strength  in  full-sized 
test,  and  some  of  them  lost  largely,  yet  each  full-sized  test  gave  figures 
which  were  acceptable  to  the  engineer;  and  2d,  the  large  losses  occur 
generally  in  conjunction  with  high  figures  in  specimen  tests,  while  the 
small  losses  occur  in  conjunction  with  lower  figures. 

These  two  points  constitute  a  major  and  a  minor  premise  on  which 
to  base  a  conclusion.  Or  rather  they  admit  of  two  conclusions,  one  or 
the  other  of  which  must  be  verified  by  further  consideration.  Thus 
there  is  the  very  easy  and  obvious  conclusion — {A)  that  we  have  only 
to  use  steel  with  low  tensile  strength  and  the  large  losses  will  dis- 
appear; and  then  there  is  the  less  ob\T.ous  but  more  probable  con- 
clusion— {B)  that  the  tests  which  gave  high  figures  in  sjiecimen  tests 
were  less  reliable  than  the  ones  which  gave  low  ones,  and  did  not  in 
fact  represent  the  mean  value  of  the  material. 

If  conclusion  A  were  correct  we  ought  to  find  (from  the  rate  of 
progression  indicated  above),  at  about  56  000  to  58  000  pounds  tensile 
strength,  a  grade  of  steel  which  would  be  j^ractically  a  stable  quantity. 
This  is  not  only  very  unlikely  from  our  general  knowledge  of  how  steel 
is  affected  by  work  and  heat,  but  is  refuted  by  such  tests  as  we  have  of 
steel  bars  of  lower  tensile  strength.  Thus  the  following  figures  give 
the  Tiltimates  of  all  the  good  tests  in  two  series  of  eye-bar  tests  made 
from  steel  which  was  required  to  show  57  000  to  64  000  pounds  in 
specimen  tests:  58  090,   61150,   55  545,   54  480,   58  540,   54  510,  51720, 

55  850,    62  190,   57  260,   62  600,  59  750,   59  830,    53  790,   54  790,    55  460, 

56  000,  54  000,  60  370,  49  970,  61  840,  55  350.  These  are  clearly  in 
about  the  same  ratio  to  the  requirements  for  specimen  tests  that  the 
tests  in  Table  No.  3  are  to  the  specimen  tests  there.  From  a  i^ractical 
standpoint  we  know  also  that  the  softer  metal  is  much  more  ajit  to  have, 
blow  holes  in  it,  and  would  consequently  forge  less  satisfactorily. 


366  LEWIS   ON  TESTS   OF   FULL-SIZED    STEEL   EYE-BARS. 

Conclusion  B,  however,  has  much  to  commend  it,  because  there 
are  very  good  reasons  why  test  pieces  should  generally  give  figures  in 
excess  of  the  mean  or  normal  value  of  full-sized  sections.  A  little  cold 
rolling  would  produce  this  result  in  a  test  piece,  and  very  often  does 
so,  especially  in  thin  bars.  Then  it  must  be  remembered  that  test 
pieces  usually  represent  the  best  "cut"  of  the  metal  (if  such  a  term 
may  be  borrowed  from  the  shambles).  It  is  a  well-known  fact  that 
tests  cut  from  certain  parts  of  the  cross  section  will  give  figures  which 
are  considerably  higher,  both  in  ultimate  and  in  elongation,  than  tests 
cut  from  adjacent  parts  of  the  section.  Moreover,  the  position  of  this 
"best"  metal  is  definitely  known,  and  there  can  be  no  doubt  that  our 
tests  usually  represent  it,  and  consequently  give  results  which  are 
generally  in  excess  of  the  average  value  of  the  full  cross-section. 

On  the  other  hand,  while  it  is  reasonable  to  suppose  that  specimen 
tests  may  sometimes  give  too  low  values,  such  tests  are  likely  to  be 
few  and  their  discrepancies  small.  Thus,  if  the  test  piece  were  not 
entirely  sound  the  result  would  be  too  low;  and  so  also  it  would  pro- 
bably be  if  the  metal  had  been  finished  too  hot  in  rolling.  Clearly, 
however,  the  effect  of  these  things  could  not  be  much  in  tests  which 
would  be  considered  satisfactory,  a  limitation  which  at  once  checks  too 
low  values.  For  these  reasons  the  writer  thinks  conclusion  B  is  the 
correct  one,  and  argues  that  the  reason  why  the  bars  which  gave  high 
figures  in  specimen  tests  show  large  losses,  is  because  the  sj)ecimen 
tests  were  too  high;  and  that  the  tests  which  gave  low  figures  in  speci- 
men tests  are  normal  or  occasionally  a  little  too  low. 

This  we  may  call  the  first  element  in  the  losses  in  eye-bar  tests — 
too  high  values  in  specimen  tests.  The  error  is  an  undesirable  one, 
since  we  are  deceived  by  it,  but  it  is  clearly  one  which  we  can  measur- 
ably control,  by  making  a  sufficient  number  of  tests  to  get  fair  average 
values  of  the  full  sections,  and  by  occasionally  annealing  specimens 
which  are  likely  to  have  been  cold  rolled.  Incidentally,  however,  it  is 
to  be  noted  as  creditable  to  the  steel  makers,  that  a  careful  considera- 
tion of  the  facts  shows  quite  a  little  of  the  irregularity  to  be  due  to 
accidental  causes,  and  that  the  real  quality  of  the  material  throughout 
the  series  is  actually  nearer  the  mean  of  the  specifications  than  appears 
on  the  surface. 

A  second  element  in  the  loss  in  eye-bar  tests,  and  the  one  most 
generally  recognized,  is  due  to  annealing.    All  steel  bars  are,  of  course, 
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annealed  after  forging,  and  no  one  practically  familiar  ^ith  the  matter 
would  be  likely  to  deny  that  this  is  important,  or  that  it  is  desirable  to 
do  it  thoroughly  at  a  good  uniform  heat  with  slow  cooling  afterward. 
The  results  of  the  comparison  in  Table  No.  4  of  annealed  and  un- 
annealed  specimen  tests  are  evidence  that  the  annealing  does  lower  the 
elastic  Umit  and  the  ultimate  strength  of  the  steel.  But  the  writer 
thinks  these  results  indicate  that  the  loss  is  not  large.  It  ^\-ill  be  noted 
that  the  maximum  loss  in  the  annealed  specimen  tests  is  about  2  800 
pounds  in  elastic  limit  and  1  900  pounds  in  ultimate  strength. 

It  is  probable  that  annealing  affects  full-sized  bars  more  than  these 
figures  indicate.  The  writer  is  credibly  informed  that  some  experi- 
mental tests  of  unannealed  eye-bars  gave  high  ultimates  and  thinks 
this  likely  to  be  so.  The  chief  effect  of  anneaHng  on  the  body  of  an 
eye-bar  is  to  soften  the  hard  and  tough  outer  skin,  and  this  would  no 
doubt  reduce  its  strength  materially.  Our  comparison  of  results, 
however,  is  not  between  an  annealed  and  an  unannealed  eye-bar,  but 
is  a  comparison  between  a  specimen  test  having  two  planed  edges,  and 
the  annealed  eye-bar;  and  on  this  basis  both  Table  No. ^4  and  a  number 
of  tests  in  the  identical  series,  offer  evidence  that  the  loss  is  not  large 
when  specimen  tests  represent  the  normal  or  average  value"  of  the 
material.  But  whatever  the  losses  may  be,  due  to  annealing,  it  is  to 
be  noted  that  they  are  entirely  legitimate  and  proper  losses.  The 
annealing  is  an  important  and  valuable  feature  of  the  manufacture  of 
eye-bars  and  any  effect  produced  by  it  should  be  recognized  and  pro- 
vided for  in  specifications.  This  point  will  be  taken  up  again  in  dis- 
cussing the  practical  deductions  of  the  paper. 

There  remains  a  third  element  in  these  losses  in  eye-bar  tests  to  be 
referred  to,  and  it  is  the  one  which  is  the  most  objectionable— the  bad 
feature  in  these  losses.  We  may  reckon  2  000  or  3  000  pounds  decrease 
due  to  the  too  high  results  in  specimen  tests,  and  2  000  or  3^000  pounds 
more  due  to  annealing,  and  still  not  account  for  the  losses  which  run 
up  toward  five  figures.  This  third  element,  which,  in  the  writer's 
judgment,  is  a  feature  of  all  large  losses,  is  due  to  the  two  familiar 
facts:  1st,  that  in  testing  materials  the  fracture  takes  place  at  the 
weakest  point;  and  2d,  that  the  range  of  values  is  Hkely  to  be  greater 
in  a  long  bar  than  in  a  specimen  test.  Hence,  in  testing  a  long  Imr  we 
get  a  check  on  its  uniformity— a  most  important  matter,  since  homo- 
geneous steel  is  the  ideal  metal,  while  a  steel  which  is  alternately  hard 
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and  soft  in  zones  ought  to  be  excluded  from  structural  works.  Now, 
in  testing  a  bar  which  is  not  homogeneous,  the  "weakest  point"  is 
simply  the  place  where  the  metal  is  the  softest;  hence,  it  is  fair  argu- 
ment to  hold  that  the  figures  obtained  for  elastic  limit  and  ultimate 
strength,  in  testing  such  eye-bars,  simjjly  gauge  these  functions  in  the 
softest  places  in  the  bar.  When  large  losses  appear  we  know,  therefore, 
that  there  was  one  place  in  the  bar  which  was  considerably  softer  than 
the  test  piece,  and  we  are  free  to  guess  whether  or  not  there  may  be  places 
which  are  much  harder.     Hence,  such  results  will  bear  investigation. 

In  this  connection  attention  is  called  to  tests  27  and  34,  as  they  ap- 
l^ear  in  Table  No.  3,  especially  as  regards  their  elastic  limits.  Tests  3, 
20,  21,  24,  30  and  35  should  also  be  noted  carefully. 

In  this  matter  of  hard  and  soft  zones  in  the  bars,  the  elongations  in 
each  foot  of  gauged  length,  which  are  frequently  made  a  matter  of  record 
in  eye-bar  tests,  would,  no  doubt,  afford  much  interesting  information 
if  carefully  worked  up.  Without  attempting  to  do  this  at  length  now, 
there  are  given  on  page  373,  by  way  of  suggestion,  several  diagrams  of 
bars  in  the  identical  series  for  which  these  measurements  were  recorded. 

The  most  casual  inspection  will  lead  to  the  conclusion  that  bars  29 
and  32  gave  such  excellent  results  because  they  were  homogeneous. 

This  brings  us  to  a  consideration  of  the  results  obtained  in  Table 
No.  3,  as  regards  elastic  limit,  which  have  previously  been  referred  to 
in  a  very  general  way  only.  It  must  be  confessed  that  they  are  less 
readily  dealt  with  than  the  figures  for  ultimate  strength,  since  the 
frequent  gains  in  full-sized  tests  embarrassed  us.  It  has  been  shown 
above,  however,  that  the  large  losses  occur  in  connection  with  high 
figures  in  specimen  tests,  even  more  notably  in  the  case  of  elastic  limits 
than  in  the  case  of  ultimates.  Table  No.  4  gives  us  good  reason  to 
believe  that  annealing  reduces  the  elastic  limit  in  the  same  way  that  it 
does  the  ultimate.  Lastly,  as  regards  the  uniformity  of  the  metal,  there 
can  be  no  doubt  that  the  elastic  limit  is  an  excellent  criterion. 

As  regards  the  frequent  gains  shown  in  elastic  limits,  it  should  be 
observed  that  test  No.  6  is  probably  in  error,  due  either  to  reading  the 
gauge  or  recording  the  figures  incorrectly.  This  has  been  the  view 
taken  of  this  test  from  the  time  it  was  made,  but  it  was,  of  course,  im- 
practicable to  check  the  figures  after  the  record  was  once  made. 

Now,  the  ordinary  determination  of  the  elastic  limit,  by  the  fall  of 
the  beam,  in  testing  small  specimens,  is  well  known  to  be  the  least 
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accurate  of  our  determinations.  It  is  to  be  noted  that  the  tests  in 
Table  No.  4  (in  which  annealed  and  unannealed  specimens  were  to  be 
compared,  and  for  which,  therefore,  the  determinations  were  rather 
more  carefully  looked  to)  show  no  gains  in  the  full-sized  bars.  The 
determination  of  the  elastic  limit  in  eye-bar  tests,  on  the  other  hand, 
IS  generally  accurate,  the  point  of  yield  being  clearly  and  definitely 
marked  on  the  gauge.  The  results  for  eye-bars  are,  therefore,  more 
reliable  than  for  specimen  tests.  Hence,  it  is  likely  that  the  frequent 
gains  are  due  to  inaccuracy  in  the  specimen  tests. 

There  is  a  suggestion  in  these  occasional  gains  of  1  000  pounds  to 
2  000  pounds  in  eye-bar  tests,  that  the  eye-bar  testing  machine  may 
haye  giyen  too  high  results.  This  is  quite  likely  true  in  some  caseJ, 
and,  when  true,  we  must  still  further  increase  the  losses  in  ultimates  to 
get  at  the  truth  of  the  matter.  The  best  eye-bar  testing  machines, 
howeyer,  when  equipped  with  mercury  gauges  are  beHeyed  to  giye 
quite  accurate  results.  But  regardless  of  these  considerations,  it  is 
only  fair  to  conclude  from  the  identical  series  of  tests,  that  it  is  an 
open  question  whether  there  is  always  a  loss  in  elastic  Hmits  in  full- 
sized  bars.  In  other  respects,  howeyer,  the  elastic  limit  results  agree 
ivith  aU  the  conclusions  reached  aboye  as  to  the  causes  of  loss  in  ulti- 
mate  strength. 

To  summarize,  therefore,  we  find  the  losses  in  ultimate  strength  in 
full-sized  eye-bars  to  be  fully  estabHshed  as  a  fact,  and  to  be  due  if 
ouryiewbe  coi-rect,  to  a  combination  of  three  distinct  causes,  yi'z.  : 

1.  Specimen  tests  which  giye  results  which  are  in  excess  of  the 
ayerage  yalues  of  bars.     This  is  the  undesirable  factor  of  these  losses 

2.  Annealing  the  eye-bars.  This  is  the  legitimate  and  proper 
element  of  loss. 

3.  Non-homogeneous  steel.     This  is  the  bad  element  in  the  losses 
As  regards  the  size  of  the  bars,  there  is  not  much  eyidence  that  it 

affects  the  results.      Thus,  the  ayerage  yalues  in  ultimate  for  eye-bars 
in  the  identical  series  are  as  follows: 


Area  from    3  to  4  square  inches,  ayerage  value ^96^2 

9o.o 
98.7 
94.8 
93.1 
95.6 
93.1 


4  to  5 

5  to  6 

6  to  7 

7  to  8 

8  to  9 
10  to  11 


16  square  inch  area 85  4 
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In  several  of  the  items  the  number  of  the  tests  is  too  few  to  consti- 
tute a  good  average,  but  there  appears  to  be  a  little  tendency  to  larger 
losses  in  the  bigger  bars.  If  this  is  true,  it  is  doubtless  due  to  a 
greater  lack  of  uniformity,  since  annealing  would  affect  them  rather 
less  than  smaller  ones,  and  cold  rolling  would  also  be  less  likely  to 
occur.  There  is,  however,  no  demonstration  on  this  head,  and  this 
leaves  us  with  the  three  factors  enumerated  above  as  the  elements 
which  enter  into  the  losses  in  eye-bar  tests. 

But  one  of  these  elements — the  annealing — is  at  all  likely  to  be 
determined  within  definite  limits;  the  others  will  vary  quite  irregu- 
larly. This  is  the  reason,  as  stated  at  the  outset  of  the  paper,  why  the 
tests  cannot  be  plotted  into  a  line  or  curve,  nor  can  we  predicate  in 
advance  how  much  a  bar  will  lose  in  value  when  tested  in  full  section. 

Practical  Considerations. — The  fact  that  there  is  a  perfectly  legiti- 
mate loss  in  ultimate  to  be  expected  in  a  comparison  of  eye-bar  tests 
with  small  specimens,  is  by  no  means  generally  recognized.  The  results 
obtained  in  this  regard  have  frequently  been  an  issue  between  man- 
ufacturers and  engineers.  Those,  too,  who  have  recognized  that  these 
differences  were  likely  to  exist,  have  been  by  no  means  clear  in  respect 
to  the  cause  of  them,  or  what  latitude  should  be  given  to  provide  for 
them.  If,  as  we  now  know,  it  is  unreasonable  to  exact  the  same  results 
that  are  obtained  in  specimen  tests,  must  we  then  go  to  the  opposite 
extreme,  and  hold  the  shops  responsible  only  for  the  forging  and 
annealing,  and  the  mills  responsible  only  for  specimen  tests  selected 
by  their  own  agents  and  prepared  and  laulled  on  their  own  machines? 
Something  very  like  this  is  frequently  urged  as  the  proper  course, 
but  it  is  to  be  hoj^ed  that  such  a  view  will  not  prevail.  We  have 
already  seen  early  in  this  paj^er  that  a  majority  of  the  specimen  tests 
are  inflated,  and  such  tests  under  the  conditions  described  above — 
which  are  the  ordinary  conditions — present  few  difficulties.  The 
quality  of  our  eye-bars  is  now  maintained  by  the  full-sized  tests 
which  are  exacted,  and  we  ought  to  provide  for  them  under  definite 
requirements. 

What  these  requirements  shall  be  must  hinge  on  the  grade  of  steel 
which  is  to  be  used.  As  regards  this,  the  majority  of  the  steel  eye-bars 
which  have  been  made  in  recent  years  have  been  required  to  show  a 
mean  ultimate  strength  in  the  specimen  tests  of  64  000  pounds,  \nih.  an 
extreme  range  of  from  60  000  to  68  000  pounds.     The  experience  of  the 
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shops  in  forging  this  grade  of  material,  as  well  as  the  large  number  of 
eye-bar  tests  which  have  been  made,  commends  it  as  a  thoroughly 
satisfactory  quality  of  steel  for  the  purpose,  and  probably  better,  all 
things  considered,  than  any  other  grade  of  metal.  It  forges  better 
than  a  harder  steel  and  is  less  affected  by  small  flaws,  and  it  is  sounder 
than  softer  metal.  Adopting  as  a  working  basis,  therefore,  a  steel  of 
from  60  000  to  68  000  pounds,  we  can  then  proceed  to  deal  with  testing 
it  in  one  of  two  ways.  We  can  require  the  mills,  in  the  first  instance, 
to  furnish  enough  si^ecimen  tests  to  demonstrate  the  fair  average 
quality  of  the  material  and  its  homogeneity,  and  when  this  is  done 
make  full-sized  tests  to  i^rove  the  forging  only.  Thus,  if  a  specimen 
test  shows  but  60  000  pounds  tensile  strength,  we  are  bound  to  accept 
it  quite  as  readily  as  if  it  showed  64  000  or  68  000  i^ounds.  But  if  we 
are  to  definitely  accept  the  material,  we  are  justified,  in  view  of  our 
analysis  of  the  losses  in  eye-bars,  in  requiring  manufacturers  to  demon- 
strate that  it  is  a  bona  fide  result,  and  that  there  is  not  2  000  or  3  000 
pounds  in  it  due  to  cold  rolling,  2  000  or  3  000  more  due  to  selection 
of  the  test  piece,  nor  soft  spots  in  addition  to  reduce  its  value  still 
further. 

Or,  in  the  second  instance,  we  can  deal  with  the  matter  by  consid- 
ering specimen  tests  to  be  matters  of  information  only,  and  accept  or 
reject  the  bars  solely  on  the  results  of  full-sized  tests.  This  is  i3rob- 
ably  the  better  way  to  deal  with  eye-bars,  because  the  only  really  effi- 
cient test  of  homogeneity  is  the  large  bar,  and  because  also  the  test  of 
the  full-sized  eye-bar  eliminates  the  elements  which  inflate  specimen 
tests.  Hence,  by  adopting  the  eye-bar  test  as  the  sole  criterion,  the 
manufacturer  is  required  to  use  his  ingenuity  to  get  a  genuine  j^roduct, 
rather  than  to  get  a  good  specimen  test.  In  deciding  on  a  proper 
requirement  for  the  ultimate  strength  of  full-sized  bars,  it  is  necessary 
to  reckon  on  60  000  pounds  as  a  basis  in  specimen  tests,  because,  as 
pointed  out  above,  we  must  accept  a  bona  fide  result  of  60  000  pounds 
just  as  readily  as  64  000  or  68  000  pounds.  Our  judgment  of  what  re- 
duction it  is  reasonable  to  allow  must  therefore  be  deducted  from  a 
basis  of  60  000 pounds.  "What  this  "reasonable  deduction  "  should  be 
will  depend  to  a  degree  on  the  judgment  of  individual  engineers,  since 
it  admits  of  only  approximate  demonstration.  From  study  of  the  ques- 
tion and  from  the  examination  of  a  large  number  of  eye-bar  tests  ex- 
tending over  several  years,  the  writer  is  disposed  to  favor  4  000  pounds 
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as  a  proper  allowance  to  make,  or  56  000  pounds,  accordingly,  as  the 
minimum  requirement  for  ultimate  strength. 

Whether  we  should  include  a  definite  requirement  for  elastic  limit 
or  not  is  perhaps  open  to  question.  The  elastic  limit  is  a  function 
which  is  but  little  understood.  Manufacturers  must  to  a  great  extent 
accept  what  they  get,  having  little  control  of  their  jsroduct  in  this 
regard.  There  are  excellent  reasons  for  believing  that  the  normal 
elastic  limit  of  64  000  pounds  steel  is  above  35  000  pounds,  and  is  not 
much  reduced  by  annealing.  It  is  probably  true,  also,  that  those 
brands  of  steel  bars  which  have  commended  themselves  as  the  best  in 
the  market,  are  characterized  by  a  high  elastic  limit.  But  it  is  very 
doubtful  if  the  manufacturers  of  these  bars  could  explain  why  this  is  so 
or  how  they  achieve  these  high  figures.  Diflferent  processes  of  manu- 
facture, too,  seem  to  give  diff'erent  values  in  elastic  limits  for  the  same 
ultimates.  Hence,  it  may  not  unreasonably  be  argued  that  the  results 
obtained  for  elastic  limit  shall  be  free  from  limitation.  On  the  other 
hand,  the  importance  of  the  elastic  limit  as  a  criterion  of  homogeneity 
affords  a  strong  reason  for  limiting  it  in  full- sized  tests.  There  are 
numerous  tests  on  record  which  show  losses  in  elastic  limit  of  10  000 
to  12  000  pounds,  the  results  in  eye-bar  tests  running  down  to  30  000 
pounds  per  square  inch,  or  even  in  some  cases  as  low  as  28  000  pounds. 
In  the  writer's  judgment  such  bars  should  be  ruled  out,  and  a  minimum 
limit  is  necessary  to  do  this,  and  is  probable  advisable.  It  should  not, 
however,  if  adopted,  exceed  32  000  pounds,  since  really  good  results 
are  on  record  with  elastic  limits  below  34  000  pounds. 

If,  as  suggested,  we  are  to  accept  or  condemn  eye-bars  on  full-sized 
tests,  it  will  be  necessary  to  make  such  tests  for  each  melt  of  steel 
rej^resented,  as  well  as  for  the  difterent  sizes  of  bars.  This  means  an 
increased  number  of  tests  (which  are  not,  however,  expensive),  and  if 
not  looked  after  might  lead  to  excessive  testing.  By  requiring  the 
manufacturers  to  limit  the  number  of  melts  used  in  making  the  order, 
this  could,  however,  readily  be  kept  in  check,  and  tl^e  number  of  bars 
need  not  exceed  four  or  five  per  hundred  as  an  average. 
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DISCUSSION. 


PERCivAii  KoBEBTS,  Jr.,  M.  Am.  Soc.  C.  E. — Mr.  President  and  Gen- 
tlemen, I  really  hardly  know  what  to  say  in  opening  a  disciission  of 
this  character  and  of  such  magnitude.  I  have  not  carefully  read  the 
papers  quoted  from,  but,  as  the  Secretary  read  them,  there  were  one  or 
two  points  which  occurred  to  me.  One  was,  the  effect  of  hammering 
upon  steel.  In  this  connection,  a  point  comes  up  which  possibly  may 
be  well  known  to  every  one,  and  yet,  is  one  which  I  think  deserves 
great  attention ;  that  is,  never  to  hammer  a  piece  of  steel  when  that 
hammering  will  make  the  end  concave  instead  of  convex.  We  put  a 
piece  of  steel  under  the  hammer  and  do  not  give  suflScient  time  for  the 
efiect  of  the  blows  to  penetrate  to  the  center  ;  we  consequently  stretch 
the  outside  more  than  the  center,  producing  very  damaging  results. 
This  has  not  been  taken  into  account  in  the  manufacture  of  high-process 
steel,  where  the  hammer  has  been  used,  and  in  nearly  every  case  the 
effect  of  the  blow  has  not  been  sufficient  to  penetrate  the  entire  mass. 
We  obtain  much  better  results  with  the  hammer-forging  process,  in 
which  the  effect  of  the  blow  is  felt  throughout  the  entire  mass. 

Another  point  which  occurs  to  me  is  the  number  of  specifications 
which  the  manufacturer  is  compelled  to  meet  in  the  ordinary  course  of 
manufacture.  A  list  was  given  me  the  other  day  of  thirty  different 
specifications  for  structural  steel.  In  reference  to  mechanical  results  to 
be  obtained,  no  two  were  alike,  yet  the  same  melt  of  steel  would  have 
filled  all  those  specifications.  If,  however,  you  had  asked  the  engi- 
neers who  prepared  them  to  accept  any  other  specifications,  they  would 
have  refused  to  do  so. 

The  difference  of  which  Mr.  Lewis  speaks,  in  the  results  between 
the  specimen  test  piece  and  the  test  of  the  full-sized  bar,  is  largely 
due  to  methods  to  which  the  manufacturer  is  compelled  to  resort  in 
order  to  fill  certain  specifications  where  the  elastic  limit,  in  relation  to 
the  ultimate  strength,  is  higher  than  it  should  be.  The  only  way  he  can 
accomplish  this,  is  simply  to  finish  the  piece  at  a  lower  temperature 
than  he  would  do  if  the  elastic  limit  was  placed  lower  ;  the  finished 
eye-bar  is  tested  after  annealing,  with  one  result,  and  the  specimen  cut 
from  cold  rolled  bars  before  annealing  give  different  ones.  But  until 
some  more  uniform  system  is  adopted  these  small  differences  must  exist, 
and  he  must  fill  all  specifications  he  meets.  I  am  perfectly  satisfied  that 
if  a  more  uniform  method  were  adopted,  manufacturers  would  be 
able  to  control  their  product  better  than  they  are  now  able  to  do 
with  the  constant  variations  they  are  compelled  to  meet.  Each  engi- 
neer believes  that  what  he  is  doing  is  for  the  general  good ,  and  that 
his  specifications  are  the  best;  but  as  I  have  said,  the  specifications 
that  have  to  be  met,  while  differing  in  small  points,  are  on  the  whole, 
very  uniform  and  can  be  filled  with  one  average  grade  of  steel. 
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In  connection  ■vrith  oil  temiaeriug,  I  should  say  that  oil  tempering 
steel  in  steel  castings  has  given  very  beneficial  results,  which  ai^joroxi- 
mate  very  closely  to  forging.  If  it  could  be  done  regularly,  I  would 
endeavor  to  oil  temper  all  steel  castings. 

A.  Gottlieb,  M.  Am.  See.  C.  E. — When  the  Cincinnati  Southern 
Ohio  River  Bridge  was  built,  steel  eye-bars  were  not  known  ;  it  is  not 
so  very  far  back,  only  in  1876,  that  such  a  bridge  was  built  with  even 
compression  members  of  iron.  The  first  steel  bridge  that  I  remember 
in  this  country  ^nith  steel  eye-bars,  was  the  bridge  over  the  Mississippi 
River,  at  Glasgow.  General  William  Sooysmith  was  the  Chief  Engi- 
neer of  that  bridge.  Mr.  Linville  was  President  of  the  Keystone 
Bridge  Company,  and  knowing  that  steel  eye-bars  would  be  desired 
for  the  bridge  then  in  contemplation,  he  made  some  experiments.  He 
manufactured  eye-bars,  or  pieces  of  steel  that  looked  like  eye-bars,  by 
forging  and  upsetting  them.  I  was  in  Chicago  representing  the  Key- 
stone Bridge  Company,  and  I  was  informed  that  he  had  to  give  up 
the  making  of  the  steel  eye-bars  by  either  the  forging  or  upsetting 
process.  The  next  move  was  made  by  Mr.  Andrew  Kloman,  who  said 
that  steel  eye-bars  could  not  be  made  in  any  other  way  except  by  roll- 
ing. He  manufactured  the  first  eye-bar  actually  used  ;  they  were 
generally  accepted,  but  the  percentage  of  the  good  bars  and  bad  bars 
was  pretty  nearly  equal. 

When  I  took  hold  of  the  Keystone  Bridge  Works  in  1878,  I  came 
to  the  conclusion  that  I  didn't  see  why  steel  eye-bars  could  not  be 
made  by  the  upsetting  process.  In  steel  there  is  no  laminated  fiber,  it 
is  of  a  molecular  structure,  and  the  particles  are  not  distorted  by  up- 
setting as  is  the  case  in  iron.  I  made  experiments  by  upsetting  steel 
bars,  forming  first  a  lump  of  the  approximate  shaping  of  a  head,  and 
then  hammering  it  out  in  dies.  I  succeeded  in  making  5  and  6-inch 
bars.  They  gave  uniformly  satisfactory  results.  They  were  exhibited 
in  Chicago  in  1879,  during  the  exposition  of  railroad  appliances,  which 
took  place  in  that  city.  From  that  time  on,  eye-bars  of  the  largest 
size  were  undertaken  by  upsetting  the  bars,  and  hammering  them 
down  and  annealing  them  afterwards.  What  Mr.  Roberts  said  about 
never  hammering  steel,  I  cannot  agree  with  ;  it  depends  altogether  how 
you  hammer  ;  if  you  have  a  proper  weight  of  hammer  and  proi3er  die, 
you  may  hammer  steel  all  right. 

As  to  annealing,  I  admit  that  eye-bars  have  to  be  annealed,  but  it 
is,  in  my  opinion,  a  very  crude  process.  You  do  something  over  which 
you  have  no  control;  you  don't  know  how  much  good  or  how  little  you 
accomplish.  You  heat  a  particular  eye-bar  three  or  four  times,  another 
one  twice  only,  one  end  has  been  to  a  yellow  heat,  the  other  one  to  a 
darker  heat,  the  strains  caused  in  cooling  are  entirely  difierent  from 
what  they  are  in  the  body  of  the  bar,  so  you  anneal  one  j)art  of  the  bar 
too  much,  or  the  other  too  little. 
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Mr.  Edbebts.— I  think  Mr.  Gottlieb  misunderstood  what  I  said 
about  the  hammering  process,  never  to  use  a  hammer  on  a  piece  of 
steel  which  would  produce  a  concave  end  on  the  piece  that  was  being 
forged.  If  your  hammer  will  produce  a  concave  end  it  is  too  light;  the 
moment  you  have  a  hammer  sufficiently  heavy  to  do  the  work  you  will 
find  the  ends  in  your  steel  will  be  convex,  showing  that  the  effect  of 
your  hammer  has  penetrated  to  the  center  of  the  mass.  If  your 
hammer  is  sufficiently  heavy  I  do  not  consider  that  there  is  any  ob- 
jection. 

Mr.  Gottlieb. — I  say  it  depends  altogether  on  how  the  hammering 
is  done      I  took  it  referring  to  eye-bars. 

Mr.  Roberts. — I  think  our  hammers  have  been  too  light;  there  are 
very  few  hammers  heavy  enough  for  that  character  of  work;  where 
you  have  a  high  vertical  bed  of  material  to  work  upon,  the  tempera- 
ture is  higher. 

Mr.  Gottlieb. — The  eye-bars  I  made  were  made  by  upsetting;  the 
hammering  was  simply  to  finish  the  head  in  the  die  to  a  jaerfect  shape. 
The  hammer  was  heavy  enough  to  do  the  work.  Ten-inch  eye-bars 
with  heads  of  24  inches  were  made  by  upsetting  and  finishing  under  a 
5-ton  hammer. 

James  G.  Dagkon,  M.  Am.  Soc.  C.  E. — The  paper  written  by  Mr. 
Lewis  deals  with  facts  quite  well-known  to  those  who  have  had  any- 
thing to  do  with  the  testing  of  structural  materials.  I  have  had  pre- 
pared, from  the  records  in  my  office,  a  table  showing  the  results  of 
quite  a  number  of  tests  of  difi"erent  size  eye-bars  manufactured  from 
different  grades  of  steel.  This  table  gives  the  results  of  the  specimen 
tests  of  pieces  cut  from  the  full-size  bars  and  also  the  results  of  the 
tests  of  these  latter,  as  well,  in  some  instances,  as  the  chemical  analysis 
of  the  bars.  With  some  few  exceptions  I  do  not  find  as  considerable 
variations,  as  are  shown  in  the  tables  given  by  Mr.  Lewis  in  his  pajier, 
between  the  specimen  test  and  the  full-sized  test. 

The  essential  thing  for  an  engineer  in  charge  of  important  structures, 
is  to  know  the  quality  of  the  material  as  it  goes  into  the  structure; 
therefore,  full-size  tests  are  of  greater  value  to  him.  While  it  is  also  very 
interesting  to  know  the  condition  of  the  material  before  it  reaches  its 
finished  shai)e,  this  knowledge  is  of  less  practical  value.  If  it  were 
possible  to  anneal  the  small  specimens  cut  from  the  full-sized  bars,  at 
the  same  temperature  as  these  latter  will  be  after  being  headed,  it  would 
be  much  preferable,  in  my  judgment,  to  test  them  after  such  anneal- 
ing; but  if  this  annealing  is  done  at  the  mills,  is  there  any  certainty 
that  the  full-sized  bars,  after  the  forming  of  the  heads,  will  be  annealed 
at  the  sama  temparature  ?  This  annealing  of  the  small  specimens 
must  necessarily  be  done  at  the  mills,  if  on  the  result  of  their  test  de- 
pends the  acceptance  of  the  full-sized  bars  and  their  shipment  to  the 
shops  for  final  manufacture.    In  the  method  of  testing  small  specimens 
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from  the  bars  as  carried  out  at  present,  there  is  a  loossibility  that  some  of 
these  specimens  have  undergone  a  partial  annealing,  if  cut  from  bars 
which  were  surrounded  by  others  in  the  process  of  cooling  oflf  on  the 
hot  bed;  while  others  cut  from  bars  which  were  on  the  outer  edges  of 
the  hot  bed  during  the  cooling  off  have  not  been  affected  by  the  heat 
thrown  out  by  adjacent  bars  to  the  same  extent.  This  would  account  in 
part  for  some  of  the  differences  observed  in  the  testing  of  the  small  sj^eci- 
mens  cut  from  bars  made  from  the  same  heat  of  steel.  If,  as  Mr.  Lewis 
says,  manufacturers  could  be  brought  to  make  eye-bars  from  as  few  heats 
or  melts  of  steel  as  possible,  by  testing  full-sized  bars  from  each  of  these 
heats  or  melts,  a  better  knowledge  of  the  quality  of  the  material  could 
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be  obtained;  and,  except  in  the  case  of  very  large  structures,  an  excess- 
ive number  of  tests  would  not  be  required.  This  method,  it  seems  to 
me,  would  be  the  proper  one. 

The  fact  that  steel  eye-bars  give  in  full-size  tests  a  lower  ultimate 
strength  per  square  inch  than  in  the  specimen  tests,  has  been  re- 
cognized in  the  specifications  for  bridge  materials  prepared  by  the 
writer  for  the  Company  with  which  he  is  connected,  the  steel  for 
tension  members  being  required,  in  the  specimen  test,  to  have  an  ulti- 
mate strength  of  from  60  000  to  66  000  i^ounds  per  square  inch,  while 
the  full-sized  test  bars  are  required  to  have  an  ultimate  strength  of 
not  less  than  58  000  pounds  per  square  inch,  and  these  views  have 
been  confirmed  by  our  experience.  The  writer  has  no  recollection  of 
any  eye-bars  having  been  rejected  after  full-sized  tests  on  account  of 
their  ultimate  strength  being  less  than  specified,  which  would  tend 
to  show  that  the  allowance  made  is  sufficient. 
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Note. — Nos.    1  to  18  inclusive,  are  Bessemer  steel. 


19  to  26 

27  to  36  " 

37  to  44 

45  and  46         " 

47  to  49  inclusive, 


Open-hearth  steel. 
Bessemer  steel. 
Open-hearth  steel. 
Bessemer  steel. 
Open-hearth  steel. 


A.  C.  Cunningham,  Assoc.  M.  Am.  Soc.  C.  E. — -In  discussing  the 
very  valuable  and  interesting  paj^er  of  Frederick  H.  Xiewis,  Esq.,  on 
the  results  obtained  from  tests  of  full-sized  steel  eye-bars,  the 
writer  will  simply  carry  the  subject  further,  and  endeavor  to  show 
the  causes  of  the  losses  or  gains  in  ultimate  strength  in  the  full- 
sized  test,  as  compared  with  the  specimen  test,  and  why  the  only 
rule  that  can  be  formulated  is  that,  generally,  there  will  be  a  loss  of 
ultimate. 

Some  three  years  ago,  the  writer  inspected  a  large  lot  of  Bessemer 
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steel  eve-bars,  and  the  results  of  the  tests  then  made  and  classi- 
fied are  given  herewith.  The  f  G  tests  were  from  specially  cast 
ingots,  4  inches  square;  the  annealed  si:)ecimen  tests  were  cut  from 
the  opposite  side  of  the  same  piece  from  which  the  unannealed 
test  came,  and  the  full-sized  tests  were  taken  at  random  from  the 
finished  bars.  The  tests  in  each  group  are,  of  course,  all  from  the 
same  blow. 

This  table  shows  that  a  loss  of  ultimate  strength  can  be  generally 
counted  upon,  but  that  how  much  it  will  be,  cannot  be  accurately 
predicted  from  the  size  or  thickness  of  the  bar.  Also,  that  an  annealed 
specimen  test  will  sometimes  give  a  higher  ultimate  than  the  unan- 
nealed test,  though  nearly  always  with  an  increased  stretch  and  reduc- 
tion. The  increase  in  ultimate  in  an  annealed 
specimen  is  probably  due  to  the  manner  of 
annealing;  nearly  always  the  specimen  is  heated 
in  a  forge  fire,  and  then  jalaced  in  lime;  there 
is  a  sudden  change  of  temperature  when  the  piece 
is  taken  from  the  fire,  and  sometimes  a  slight 
chill  when  it  is  put  in  the  lime,  especially,  if  the 
lime  is  somewhat  damp.  If  the  full-sized  piece 
from  which  the  test  is  to  be  cut,  could  be  heated 
in  a  proi^erly  constructed  furnace,  and  cooled 
slowly,  without  a  sudden  change  of  temperature, 
in  a  similar  manner  to  the  bars  themselves, 
much  more  reliable  and  satisfactory  results 
would  be  had.  • 

It  is  now  a  pretty  well-established  fact 
among  steel  makers  that,  as  an  ingot  cools,  the 
ingredients  and  impurities  of  the  steel  have  a 
tendency  to  separate  out,  or  segregate  toAvards 
the  center  and  top  of  the  ingot. 

This  condition  of  affairs  may  be  illustrated 
by  the  sketches  No.  1  and  No.  2,  which  represent 
the  vertical  and  horizontal  sections  of  an  ingot. 
The  area  inclosed  between  any  four  lines,  will  be 
inversely  proportional  to  the  amount  of  carbon, 
phosphite,  etc. ,  which  will  be  found  at  that  point, 
but  as  this  segregation  is  a  general  law,  and  does 
not  always  take  place  exactly  the  same  for  each 
special  ingot,  the  lines  may  become  curved,  and 
at  varying  distances  from  each  other.  The  law  of  segregation  is,  how- 
ever, a  general  one,  and  its  effects  upon  specimen  and  full-size  tests 
must  become  at  once  api^arent.  Suppose  that  a  large  ingot  is  rolled 
into  a  long  bar,  and  that  tests  are  cut  from  it,  consecutively,  from  the 
bottom  towards  the  top,  the  ultimate  strength  will  be  found  to  increase 
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from  the  bottom  towards  the  top,  and  it  would  be  expected  to  increase 
from  the  edge  towards  the  centre.  In  plates,  this  latter  will  be  found 
to  be  the  case,  but  there  are  conditions  of  rolling  in  the  eye-bar  which 
may  affect  this  result. 

Suppose  that  a  cross-section  be  cut  from  a  large  eye-bar,  polished, 
and  etched  with  acid  (Sketch  No.  3).  It  will  be  found  that  around  the 
edges  of  this  bar  is  a  compact  and  well-worked  shell  of  material,  while 
the  center  consists  of  a  more  open 
and  unworked  material,  so  that, 
when  we  cut  our  tests  toward 
the  center  of  the  bar,  the  increase 
of  impurities  may  be  more  than 
counteracted  by  the  unworked 
material.  SKETCH  3. 

Specimen  tests  are  taken  from  this  well-worked  shell  of  the  eye- 
bar,  and,  consequently,  give  high  results;  and  when  it  is  further 
considered  that  the  specimen  test  may  come  from  near  the  top  of 
the  ingot,  while  the  full-sized  test  may  be  from  the  bottom,  it  is 
little  to  be  wondered  at  that  there  are,  sometimes,  large  differences  in 
ultimate. 

Some  of  the  practical  conditions  affecting  specimen  and  full-sized 
tests  of  eye-bars,  are  the  following:  1,  Size  of  bloom  from  which  rolled. 
2.  Eolled  on  universal  mill  or  in  grooves.  3.  Number  of  passes  in  roll- 
ing. 4.  Temperature  at  entering  rolls,  and  at  finish.  5.  Temperature 
and  time  of  annealing. 

The  subject  of  the  manufacture  and  testing  of  eye-bars  is  an  in- 
exhaustible one,  and  it  is  to  be  hoped  that  manufacturers  and  engineers 
may  unite  in  solving  some  of  the  more  important  problems  concern- 
ing it. 

Regarding  elastic  limits,  the  writer  believes  that  as  usually  deter- 
mined at  the  present  time,  they  are  not  wholly  reliable.  The  inertia 
and  friction  of  the  moving  parts  of  a  testing  machine  are  variable  fac- 
tors, and  the  elastic  limits  indicated  are  too  high.  The  elastic  limit 
indicated  for  a  full-sized  test  by  the  drop  of  the  mercury  column  in 
the  gauge  of  the  testing  machine,  is  about  as  accurate  as  anything  we 
have. 

The  specification  of  a  constant  elastic  limit  for  a  variable  ultimate, 
unless  the  minimum  elastic  is  meant,  should  be  avoided.  A  safe  elastic 
limit  to  expect  in  the  minimum  case,  that  of  a  large  section  finished 
hot,  is  about  55  per  cent. "of  the  ultimate  strength. 

To  avoid  difiiculties  in  full-sized  tests,  the  specifications  should 
either  require  the  specimen  tests  from  bars  to  pull  a  certain  per  cent, 
higher  than  the  balance  of  the  material,  or  provide  for  a  certain  per 
cent,  of  loss  in  the  full-size  test. 
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CoiiPAEATivE  Tests. 

f  Q  and  Specimen  Tests  Annealed  and  Unannealed,  and  Full-Sized 
Bars  Annealed.  Specimen  Tests  cut  from  Bars  as  indicated  by 
dark  Portion  of  Sketch — 


C.  =  Cup.     S.  =  Silky.     G.  =  Granular.      E.  =  Edges.     Cr.  =  Center. 

Ir.  =  Irregular. 


Kind  of  test. 
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Blow  26  016  ;  Carbon  .20  ;  Phos.    .063. 
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Annealed 


i© 
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Specimen 
Full  size  . 


Blow  25  979  ;  Carbon  .20  ;  Phos.    .065. 


Normal . 


Annealed . 


30 
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66  440 

28.25 
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Blow  25  966;  Carbon  .19  ;  Phos.    .063. 
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Specimen 
Full  size  . 


Blow  26  031  ;  Carbon  .19  ;  Phos.  .069. 


Normal. 


Annealed. 
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Specimen 

Full  size  . 


Blow  26  025  ;  Carbon  .19  ;  Phos.  .062. 


Normal. 


Annealed. 


1© 

41  880 

74  470 
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24.50 

46.78 

" 
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26.25 
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CoMPAKATiVE    Tests — [Continued). 
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Specimen 
Full  size  . 


Blow  26  021  :  Carbon  .20  ;  Phos.  .058. 


Normal. 


Annealed. 
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Blow  25  997  :  Carbon  .19  ;  Phos.  .069. 
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Annealed. 
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Blow  26  002  ;   Carbon  .19  ;   Phos.  .068. 
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WrLiiiAM  MetcaijF,  M.  Am.  Soc.  C.  E. — There  are  two  reasons  for 
offering  the  following  report  by  Prof.  Langley,  instead  of  my  remarks 
in  reference  to  the  two  admirable  and  sensible  steel  papers  which 
were  under  discussion  at  the  last  convention. 

Pirst. — It  is  a  comprehensive,  clear  and  valuable  statement  of  all 
that  we  know  about  steel  uy>  to  the  present  time;  and  although  it 
could  be  written  out  to  the  length  of  hundreds  of  pages,  such  elabo- 
ration would  not  add  to  the  report  a  single  fact  of  value. 

Second. — While  my  papers  have  been  received  by  the  members  of 
the  Society  with  flattering  kindness,  I  have  seen  such  criticisms  as 
"dogmatic  assertions  should  not  be  accepted  as  against  scientific 
researches";  and  again,  "  INIr.  Metcalf's  opinion  is  to  be  accepted  in 
all  matters  relating  to  the  behavior  of  steel,   but  scientific  investiga- 


*  Borings  from  this  bar  gave  .18  carbon. 
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tions  as  to  causes  are  to  be  preferred  to  any  oijinions  based  upon  shop 
observations,  even  the  most  intelligent." 

Then  the  authors  proceed  to  quote  the  work  of  one  or  another  of 
the  eminent  scientists  who  have  attacked  the  subject,  one  by  one 
method,  and  another  by  another,  and  who  have  reached  general  con- 
clusions from  special  investigations,  which  in  the  main  are  not  com- 
pletely proven,  and  even  if  they  were  clearly  proved  they  would  not 
cover  all  of  the  facts. 

Personally,  I  have  nothing  to  complain  of,  but  I  wish  to  con\T.nce 
the  members,  if  possible,  that  my  statements  have  been  based,  not  on 
shop  obsei-vation  alone,  but  that  they  have  been  subjected  to  the  most 
rigid  and  exact  scrutiny  by  the  most  caraful  tests  of  both  chemistry 
and  physics. 

As  a  chemist  and  physicist,  I  know  no  more  able  or  reliable  man 
than  Professor  John  W.  Langley ;  he  has  been  engaged  in  the  examination 
of  steel  for  about  twenty  years,  and  has  had  at  his  command  all  of  the 
appliances  and  apparatus  of  large  university  laboratories,  and  all  of 
the  facilities  of  a  diversified  steel  plant.  He  has  gone  into  every  ques- 
tion con  amove,  without  regard  to  the  labor  involved;  he  has  hammered 
our  shop  opinions  and  prejudices  unsj)aringly,  and  the  conclusions 
now  offered  are  as  often  the  resultants  of  antagonistic  views  as  of 
harmonious  mutual  work. 

Surely,  the  man  who  was  first  to  discover  and  announce  that  dis- 
solved oxygen  exists  in  iron  and  steel  uncombined;  who  pointed  out 
the  variable  expansion  of  steel  due  to  variations  in  carbon  and  in  tem- 
perature; who  called  attention  to  the  fact  that  a  true  hardening  eflfect 
may  be  produced  by  quenching  from  the  heat  of  boiling  water  to  cold 
water,  a  fact  that  has  since  been  confirmed  by  beautiful  and  delicate 
magnetic  tests  at  the  Smithsonian  Institute;  who  developed  and  used 
a  beautiful  and  accurate  quantitative  method  of  determining  nitrogen 
in  steel;  and  who  observed  and  developed  the  beautiful  emery-wheel 
test  of  tungsten  in  steel,  is  to  be  ranked  as  a  scientist  whose  opinion 
may  be  accepted  when  it  is  based  ujion  so  much  and  such  long  ex- 
perience. 

It  is  not  intended  by  what  has  been  said  to  contradict  the  state- 
ments of  others;  their  conclusions  may  be  true,  and  they  may 
not.  There  may  be  a  change  from  cement  carbon  to  hardening 
carbon  at  the  point  of  recalescence,  but  thei-e  is  no  proof  of  such  a 
change . 

There  may  be  an  a  condition  of  iron  below  the  heat  of  recalescence 
and  a  (5  condition  above  that  heat,  but  that  is  not  proved. 

There  may  be  a  definite  carbide  of  iron  acting  as  a  cement  in  hard- 
ened steel  and  an  absence  of  the  carbide  in  unhardened  steel,  but  this 
carbide  has  never  been  separated  and  identified. 

It  is  proved  beyond  controversv  that  there  is  a  definite  increase  of 
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hardness  due  to  every  increase  of  temiserature  from  212  degrees  Fahr. 
to  the  point  of  granulation,  the  next  condition  below  fusion. 

The  sudden  increase  of  hardness  at  and  about  the  heat  of  recales- 
eence  is  explained  by  physical  causes  in  Professor  Langley's  report  so 
clearly  and  reasonably,  that  that  exi)lauation  may  be  accepted  safely 
until  further  research  develops  a  better  one. 

It  is  proved  also  beyond  question  that  there  is  a  reduction  of  hard- 
ness caused  by  every  increase  of  temperature  up  to  the  heat  of  granu- 
lation or  even  to  liquidity,  and  that  the  amount  of  softness  retained 
is  a  direct  function  of  the  slowness  of  cooling. 

Accejiting,  then,  the  theoi'y  of  solution  as  given  by  Langley,  we 
assume  that  hardness  is  due  to  high  tension,  probably  molecular,  and 
that  softness  indicates  the  absence  of  tension ;  this  makes  a  safe  work- 
ing hyjjothesis  which  all  engineers  will  be  secure  in  using  until  further 
and  wider  investigation  develops  something  which  is  based  on  more 
convincing  proofs  than  those  offered.  , 

One  most  imijortant  property  of  steel  is  not  mentioned  in  the 
report.  It  is  that  a  piece  of  steel  registers  in  its  grain  always  the  last 
highest  temperature  to  which  it  was  subjected.  This  means  that  when 
a  piece  of  steel  is  heated  from  a  cold  state  to  any  color  which  can  be 
seen  by  the  eye,  and  then  is  cooled  down,  the  resulting  grain  will  be 
due  to  the  highest  temperature  reached,  modified,  of  course,  by  the 
mode  of  cooling  and  the  treatment  while  cooling.  But  for  similar  con- 
ditions of  heating,  cooling,  and  working  while  cooling,  the  final  result 
will  be  the  same  always. 

This  projjerty  is  of  inestimable  value;  it  is  so  distinctive  in  steel 
cooled  from  fusion,  that  the  carbon  contents  may  be  noted  Avithin  .05 
of  1  per  cent. 

This  is  only  of  value  to  the  engineer  as  it  is  used  intelligently 
by  the  manufacturer.  But  the  grain  of  a  forged  or  rolled  piece  of 
steel  may  be  just  as  valuable  a  guide  to  any  engineer  who  has  to  do 
with  steel,  and  that  means  every  engineer.  If  a  fracture  shows  a  uni- 
form grain  throughout,  the  mass  has  been  subjected  to  a  uniform  heat 
and  to  uniform  Avorking. 

If  such  grain  be  coarse  and  lustrous,  of  a  yellowish  caste,  too  high 
heat  is  indicated. 

If  it  be  fine,  lusterless  and  steely  blue  or  gray,  a  proper  heat  has 
been  used. 

If  it  be  fine  and  black,  or  of  a  decided  blackish  caste,  it  has  been 
worked  too  cold. 

If  the  grain  be  decidedly  uneven,  the  piece  has  been  heated  iin- 
evenly,  or  worked  unevenly,  or  both.  In  this  case  injurious  strains  in 
the  mass  are  inevitable,  as  it  is  shown  that  every  variation  of  grain  is 
accompanied  by  a  variation  in  siiecific  gravity,  which  means  vaiiation 
in  volume,  which  means  hurtful  strains  in  the  mass. 
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If  the  outside  be  fine  grained  and  the  center  part  be  coarse  and 
fiery,  it  shows  high  initial  heat  modified  by  stiperficial  and  insufficient 
working,  either  under  the  hammer  or  in  the  rolls. 

If  the  inside  be  fine  grained  and  the  outside  be  coarse  and  fiery,  it 
shows  that  the  last  heat  was  too  high,  too  quick  and  siii^erficial. 

If  the  corners  be  coarse  and  fiery  and  the  body  of  the  piece  be  of 
proper  grain,  it  shows  carelessness  in  heating,  allowing  the  corners  of 
the  piece  to  run  up  much  hotter  than  the  body. 

All  of  the  above  indicate-  the  value  of  annealing  in  every  case  where 
there  is  any  reason  to  suspect  unevenness  of  heating  or  working;  for  if 
any  piece  of  steel  be  heated  uniformly  to,  or  a  very  little  above,  the  tem- 
perature of  recalescence,  or  as  a  good  practical  guide,  to  medium 
orange  color,  it  will  take  the  fine  grain  due  to  that  color,  and,  if  the 
heat  be  uniform  throughout  the  mass,  the  grain  will  be  uniform,  and 
all  strains  will  be  reduced,  if  not  eliminated  entirely. 

Finally,  as  to  colors:  the  only  cherry-red,  if  there  be  such  a  color, 
is  that  heat  that  just  begins  to  show  in  heating  uji,  or  where  the  color 
begins  to  disajjpear  in  cooling.  At  this  heat  no  work  should  be  done 
on  steel;  it  is  a  critical,  dangerous  temperature.  Above  this  the  true 
colors  are,  in  ascending — orange-red,  dark  orange,  medium  orange, 
light  orange,  dark  lemon,  medium  lemon,  light  lemon,  or  granular,  or 
fusion.  There  is  no  true  white  color,  unless  liquid  steel  be  overheated 
enormously. 

PiTTSBUKGH,  August  9th,  1892. 

Crescent  Steel  Company, 

Pittsburgh,  Pa. 

Gentlemen, — Pursuant  to  your  desire  to  have  for  convenient  refer- 
ence a  statement  of  some  of  the  physical  and  chemical  jjroperties  of 
steel,  and  of  certain  alloy  steels,  I  have  drawn  tip  the  annexed  rejsort. 
This  is  not  intended  to  be  a  compendious  collection  of  the  existing 
state  of  knowledge  on  this  subject,  but  rather  to  refer  chiefly  to 
exjierimental  studies  and  i)ractical  observations  made  at  the  Crescent 
Steel  Works,  or  in  my  own  laboratory,  and  extending  over  a  i^eriod  of 
nearly  twenty  years. 

During  this  time  I  have  had  the  advantage  of  the  co-operation  of 
Mr.  William  Metcalf,  whose  knowledge  and  suggestions  form  a  very 
important  part  of  this  report.  We  have  worked  so  much  together  in 
this  field  that  it  is  quite  impossible  in  many  cases  to  distinguish  the 
personality  of  the  one  of  us  who  is  responsible  for  a  particular  opinion 
or  a  result;  often  they  have  been  arrived  by  joint  action;  but  wherever 
a  result  has  been  confirmed  by  mill  or  shop  practice,  this  work  has  been 
carried  on  by  him. 

John  W.  Langlex. 
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Eepokt  on   Some    Chemical  and  Physical,  Pkopekties  or  Steel  and 
OF  Alloy  Steels. 

For  the  purposes  of  this  rei^ort,  it  is  desirable  to  have  a  definition  of 
steel  from  the  chemical  rather  than  the  mechanical  standpoint,  because 
it  takes  up  the  subject  mainly  from  the  molecular  and  internal  side 
rather  than  from  its  engineering  and  commercial  one. 

Steel,  then,  may  be  defined  as  iron  holding  in  solution,  in  whole  or 
in  part,  other  elements  within  certain  regulated  limits.  Cast  iron  and 
ferro-silicon  are  not  included.  The  elements  which  it  must  contain  to 
fulfill  practical  rec[uirements  are  carbon  and  manganese.  Those  which 
it  inevitably  gets  from  the  present  processes  of  manufacture  are 
silicon,  suli^hur,  jahosphorus,  and,  probably,  oxygen,  hydrogen  and 
nitrogen.  These  are  not  essential  elements,  for  their  relative  propor- 
tions and  amounts  may  be  varied,  and  indeed  by  sjjecial  care  one  or 
two  of  them  eliminated  altogether,  without  depriving  steel  of  its  well- 
known  qualities. 

Besides  the  above  there  may  be  present,  as  accidental  impurities, 
about  fifteen  other  elements;  generally,  however,  the  quantities  of 
these  will  be  very  small  except  in  the  case  of  alloy  steels  where  they 
are  intentionally  added.  The  principal  alloy  steels  are  those  of  tung- 
sten, chromium,  manganese  and  silicon. 

The  alloy  steels  shade  by  insensible  gradations  into  hard,  brittle 
bodies,  incapable  of  lamination.  Throughout  this  report  the  word 
"steel"  will  be  restricted  to  those  metallic  masses  composed  princi- 
pally of  iron,  which  are  ductile  and  capable  of  successful  working 
under  the  hammer  or  between  rolls  ;  also  which  possess  initially  or 
by  sudden  cooling  a  considerable  degree  of  hardness  greater  than 
that  of  wrought  iron. 

The  following  table  gives  the  approximate  quantity  of  the  more 
important  elements  occurring  in  steel: 

TABLE  No.   1. 


Peecektages  of 

Commercial  Steels. 

Alloy  Steels. 

Elements. 

Upper  Limit. 

Lower  Limit. 

Upper  Limit. 

Lower  Limit. 

1.60 

.30 

.10 

.10 
1.00 

'"26? 
Very  little. 

.30 

.02 

.005 

.01 

.08 

Traces. 
Very  little. 

2.25 

1.50 

.10 

.30 

15.00 
7.00 
2.00 
2.00 
2.00 

1.25 

.50 

.005 

.01 

5.00 

.50 

.25 

.25 

Hydrogen  and  Nitrogen.. . 

.25 
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In  Table  No.  1  the  lower  limit  indicates  those  quantities  of  the 
elements  at  which  their  specific  action  ceases  to  be  sufficient  to  give 
the  "  alloy  steel"  special  properties. 

The  lower  limit  of  carbon  in  commercial  steel  is  given  at  0.30, 
because,  below  this,  the  metal  becomes  incapable  of  any  notable 
amount  of  hardening  when  suddenly  cooled. 

The  upper  limit  for  oxygen  is  queried,  because  there  are  no  wholly 
satisfactory  methods  of  analysis  for  this  element  in  the  presence  of 
large  quantities  of  iron. 

Hydrogen  and  nitrogen  have  been  found  in  small  quantities  in  all 
steels.  Carbonic  oxide  appears  likewise  to  be  a  universal  ingredient 
of  steel. 

Since  steel  has  been  defined  above  as  a  solution  of  certain  elements 
in  iron,  it  may  be  proper  to  state  here  the  meaning  attached  to  the 
word  "solu-tion." 

Chemical  action  appears  to  take  place  in  at  least  two  very  different 
degrees  of  intensity.  When  it  is  exhibited  in  its  maximum  power  and 
unopposed  by  other  forces,  it  results  in  the  production  of  chemical 
compounds,  having,  as  every  one  knows,  definite  and  fixed  j)ropor- 
tions  of  each  ingredient.  These  are  customarily  spoken  of  as  atomic 
combinations,  it  being  assumed  that  they  are  formed  by  the  juxtaposi- 
tion of  elementary  atoms  by  a  jsrocess  of  addition  in  which,  necessarily, 
a  whole  atom  is  taken  on  each  time.  Experience  shows  that  the  num- 
ber of  such  unions  between  any  one  pair  of  elements  is  quite  small, 
generally  one  or  two,  and  never  exceeding  seven. 

To  express  this  idea  of  definiteness  of  composition  mathematically, 
consider  the  case  of  two  elements,  A  and  B,  taken  in  the  proportions 
by  weight  of  x  and  ?/  respectively.  Then,  in  general,  the  compound. 
Ax  -\-  Bi/,  cannot  be  formed,  for,  as  soon  as  x  parts  of  A  are  taken,  it 
will  be  found  that  the  value  of  i/  depends  only  on  Ax  and  B,  so  that 

A  A 

y  =  X  ^  and   the  numerical  value    of  -=   depends    on    the   elements 

chosen.  In  the  case  of  hydrogen  and  oxygen,  it  has  the  value  of  one- 
sixteenth. 

Moreover,  if  in  the  compound  A  -\-  B  \fe  make  A  constant,  then 
we  cannot  vary  the  quantity  of  B  by  infinitesimal  increments  or  decre- 
ments, for  B  also  will  remain  constant  until  some  simjjle  multiple  of 
itself  is  reached  which  will  j^ermit  of  the  proportion  A  -\-  IB  or  'lA  + 
B  being  formed. 

In  chemical  compounds  of  the  above  tyj^e,  there  is  always  a  pro- 
found alteration  of  the  j)roperties  of  A  and  B  considered  individually. 

Now,  in  the  case  of  solution,  the  actions  appear  to  be  very  difterent. 
When  salt  or  sugar  is  added  to  water  a  kind  of  combination,  certainly, 
takes  place,  for  both  of  the  solids  disappear  and  will  continue  to  do  so 
till  the  point  of  saturation  is  reached;  but  this  is  not  a  fixed  point,  for 
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it  varies  enormously  for  most  bodies  with  the  temperature,  and  is  also 
slightly  changed  by  pressure.  The  phenomenon  is  characterized  by  a 
gradual  modification  of  the  properties  of  the  solvent.  Thus,  the  water 
grows  progressively  sweeter,  or  more  saline.  If  gum  is  added  to  it,  it 
becomes  more  and  more  viscid;  hence,  indefiniteness  seems  to  be  an  at- 
tribute of  the  act  of  solution.  To  adopt  the  former  notation,  the  com- 
pound (solution)  Ax  +  Bi/  can  be  formed  for  wide  variations  in  the 
values  of  x  and  ?/.  If  one  of  the  bodies  is  fixed  in  amount,  then  the 
other  can  be  changed  by  infinitesimal  increments  and  there  will  be  a  cor- 
resi^onding  alteration  in  the  solution  as  a  whole.  Finally,  the  change 
in  the  individual  properties  of  the  ingredients  is  gradual  and  usually 
not  very  profound.  The  nearer  the  reaction  in  dissolving  a  substance 
approaches  the  first  or  combinational  type,  the  more  complete  will  be 
the  change  of  properties. 

A  complete  theory  of  solution  has  yet  to  be  formulated.  Chemists 
and  physicists  are  not  agreed  as  to  the  kind  and  extent  of  the  chem- 
ical actions  which  may  take  place,  but  all  are  agreed  that  the  obvious 
visible  phenomena  of  solution  are  different  from  those  of  tyjoical 
chemical  combination. 

Now,  looking  at  the  behavior  of  steel,  whether  melted  or  solid,  I  am 
forced  to  regard  it  as  exhibiting  mainly  the  characteristics  of  sohition, 
for  fusibility  and  the  property  of  hardening  increase  directly  with  the 
quantity  of  carbon  added  to  it  up  to  a  certain  limit,  while  its  ductility 
decreases  with  the  carbon.  The  analogies  are  very  close  in  another 
respect ;  when  crystallization  from  solution  takes  jjlace,  there  is  a  strong 
tendency  for  the  crystals  to  partially  piirify  themselves  by  extruding 
foreign  matter  not  necessary  to  their  formation.  Similarly,  when  steel 
solidifies,  it  always  ceases  to  be  perfectly  homogeneous,  the  last  portions 
to  set  containing  an  excess  of  some  of  the  dissolved  elements,  notably 
carbon  and  phosphorus.  This,  which  is  called  "  segregation,"  is  a  veiy 
troublesome  phenomenon  and  one  which  forbids  its  to  hojje  ever  to 
make,  by  the  present  api^liances,  the  highest  grades  of  tool  steel  in  large 
masses. 

Steel,  then,  is  a  solution  of  certain  bodies  in  iron,  and  this  definition 
applies  to  it,  not  only  while  it  is  melted,  but  also  when  solid,  for  changes 
in  the  distribution  of  the  elements  within  a  mass  of  steel  can  be  pro- 
duced while  the  metal  is  yet  far  from  the  liquid  state. 

In  1861  St.  Claire  Deville  discovered  the  fact  of  dissociation,  a  pro- 
cess the  oj^posite  of  chemical  combination,  whereby  compounds  may 
be  resolved  into  their  constituent  elements. 

Since  then  several  independent  lines  of  reasoning — thermal,  elec- 
trical and  chemical — point  to  the  conclusion  that  all  compounds  when  in 
solution  tend  to  dissociate.  I  jiroved  exi^erimentally  ("Proceedings 
American  Association  for  the  Advancement  of  Science,"  1883),  that  even 
such  stable  bodies  as  the  sulphates  and  chlorides  of  the  alkalies  and 
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alkaline  earths  showed  evidence  of  decomposition  when  dissolved  in  a 
large  volume  of  water.  By  analogy,  therefore,  it  would  seem  that  if 
definite  carbides,  oxides  and  phosphides  were  introduced  into  melted 
iron,  they  would  tend  to,  and  to  a  certain  degree  actually  would,  be- 
come dissociated  and  exist  as  dissolved  bodies  distributed  throughout 
the  iron,  which  would  be  modified  by  their  presence. 

Effect  of  Certain  Elements. 

When  iron  is  exposed  hot  to  the  air  it  becomes  superficially  oxidized. 
If  it  is  melted  the  oxygen  penetrates  the  entire  mass,  although  only  in 
small  quantity,  and  becomes  dissolved. 

This  idea  that  oxygen  may  be  dissolved  in  iron  in  contradistinction 
to  existing  as  a  definite  compound,  viz.,  oxide  of  iron,  was  stated  pub- 
licly by  me,  and  also  for  me  bj  Mr.  William  Metcalf,  in  1876.  This  view 
was  not  current  at  that  time,  but  since  then  it  has  received  the  endorse- 
m.ent  of  a  majority  of  metallurgists,  largely  because  of  the  well-known 
reactions  of  overblown  Bessemer  metal  and  of  "wild"  oijen-hearth 
steel. 

In  some  cases  of  imperfectly  worked  wrought  iron,  it  has  been  jjos- 
sible  to  prove  analytically  the  presence  of  as  much  as  0.30  per  cent,  of 
oxygen.  In  cast  steel  its  detection  is  much  more  difiicult.  The  eftect 
of  this  dissolved  oxygen  is  to  make  the  steel  very  wild  when  fluid  and 
red  short  when  solid.  It  will  crack  under  the  rolls;  in  bad  cases  it 
will  crumble  and  break,  thus  acting  very  much  like  sulphur,  only 
aj^i^arently  with  more  intensity.  All  those  elements  which  have  a 
strong  attraction  for  oxygen  tend  to  neutralize  its  influence;  thus, 
silicon,  aluminum  and  manganese,  added  to  melted  steel,  diminish  or 
abolish  Avildness  and  improve  ductility.  It  is  not  j)robable  that  when 
oxygen  is  once  dissolved  in  steel  it  can  ever  be  completely  eliminated, 
unless  by  returning  the  metal  to  the  blast  furnace  or  by  converting 
it  into  cast  iron.  This  last  statement,  however,  must  be  taken  as  au 
opinion  rather  than  a  proved  fact  in  the  present  state  of  metallurgical 
knowledge. 

So  strongly  are  small  quantities  of  oxygen  held  by  fluid  iron,  that, 
even  when  steelis  melted  in  plumbago  crucibles,  and  thei-ef  ore  is  in  con- 
tact with  carbon  walls  and  itself  contains  carbon  and  silicon,  there  is 
some  degree  of  wildness  even  for  the  most  perfectly  melted  metal,  as 
can  be  proved  by  the  addition  of  aluminum. 

The  influence  of  carbon  is  all-important,  and  in  commercial  steel  it 
is  the  predominant  one.  To  it  alone  steel  owes  its  remarkable  property 
of  hardening  on  sudden  cooling;  its  great  tensile  strength  and  elasticity 
are  chiefly  due  to  the  presence  of  this  element.  The  ideal  steel  would 
be  composed  only  of  iron  and  carbon.  The  nearer  we  can  approach 
this  condition,  the  better  is  the  metal  for  all  general  purjjoses.  All 
extraneous  matter  must  be  considered  as  a  detriment;  but  actual  con- 
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ditions  of  manufacture  never  ftirnisli  pure  iron,  and  necessitate  the 
intentional  addition  of  at  least  one  element — manganese — to  partially 
neutralize  the  evil  eftects  of  sulphur  and  oxygen. 

So  much  has  been  written  on  the  influence  of  carbon,  and  there  are 
so  many  theories  of  its  action,  that  it  would  occupy  too  much  space  to 
attempt  to  review  them  here.  It  will  be  better,  therefore,  to  confine 
this  report  to  considering  its  function  from  the  solution  point  of  \dew. 

Carbon  will  dissolve  readily  in  melted  iron;  this  can  be  ocularly 
shown,  for  if  a  iDiece  of  charcoal  is  forcibly  held  partly  immersed  in  a 
bath  of  fluid  iron,  the  charcoal  will  waste  away  from  the  under  side, 
and  the  iron  will  show  a  gain  in  carbon  by  chemical  analysis. 


The  limit  to  the  quantity  it  can  thus  take  up  is  very  near  to  5  i)er 
cent.  On  cooling,  a  portion  of  this  carbon  will  separate  out,  forming 
the  graphitic  carbon  of  east  iron  and  the  semi-graphitic  carbon  of  steel. 
This  element  is  also  dissolved  when  the  metal  is  solid,  and  it  can  travel 
about  in  the  interior  of  a  bar  by  diffusion,  in  the  same  way  that  saline 
bodies  can  penetrate  a  gelatine  film.  The  following  experiment,  per- 
formed at  the  Crescent  Steel  Works  in  1889,  shows  this  fact  conehi- 
sively. 

Mr.  Metcalf  and  I  took  a  piece  of  "hard  and  soft  steel,"  that  is,  a 
compound  piece  made  by  inserting  a  bar  of  high  carbon  steel  in  the 
center  of  a  mold  and  pouring  mild  steel  around  it,  then  rolling  the 
compound  piece  into  a  2-inch  square  bar. 

After  making  a  transverse  section  of  it,  the  hard  interior  strip  could 
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be  i^lainly  seen  from  the  differential  action  of  the  cutting  tool  upon 
the  two  portions.  On  lightly  etching  the  polished  surface  with  dilute 
nitric  acid,  the  more  highly  carbonaceous  steel  showed  dark  on  a  gray 
ground.  The  outline  of  the  hard  center  was  then  i^ricked  out  with  a 
center  punch,  sinking  the  holes  rather  more  than  a  sixteenth  of  an  inch 
deep.  The  section  then  had  the  appearance  of  Fig.  1,  where  A  denotes 
the  high  carbon  steel  and  BB  the  mild. 

The  i^iece  was  then  closely  wi'apped  in  a  sheet -iron  covering  and 
exposed  for  five  hours  to  an  orange  heat,  or  somewhat  below  the  melt- 
ing point  of  copi^er.  It  was  then  cooled,  the  surface  scale  removed 
and  the  metal  planed  down  nearly  to  the  bottom  of  the  punch  marks. 
The  carbon  was  found  to  have  traveled  outwards  from  the  center  to 
a  distance  of  one-eighth  to  three-sixteenths  of  an  inch  where  it  formed 
a  nebiilous  border,  as  shown  in  Fig.  2. 


/7g.  2 


That  carbon  could  penetrate  iron  by  the  old  and  well-known  i)ro- 
cess  of  cementation  has  long  been  recognized  in  steel  practice,  but  it 
has  been  considered  doubtful  whether  it  may  not  have  been  carried 
as  a  gas,  either  as  carbonic  oxide  or  a  hydrocarbon;  but  in  the  above 
experiment  the  carbon  was  in  the  center  of  a  piece  of  steel  and  no  gases 
could  have  been  present  unless  they,  too,  were  dissolved  in  the  solid 
iron. 

When  carbon  exists  in  ii-on  to  a  greater  amount  than  2  per  cent., 
and  silicon  is  also  present  exceeding  1  per  cent.,  then,  if  the  metal  is 
slowly  cooled,  a  portion  of  the  carbon  separates  out  as  graphite,  leaving 
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a  comparatively  soft  metal  behind.  This  is  the  cause  of  the  granular, 
or  crystalline,  brittle  structure  of  pig  and  cast  iron,  where  a  soft 
metal  sponge  is  tilled  with  i^articles  of  graphite.  This  disposition  of 
carbon  to  separate  out  in  cooling  is  greatly  jiromoted  by  silicon  and  is 
hindered  by  manganese.  It  is  also  favored  by  the  length  of  time  taken 
in  cooling  from  the  liquid  state  to  that  where  crystals  form,  and  the 
mass  becomes  semi-solid.  Hence,  the  production  of  "chilled"  rolls, 
shot,  etc.,  is  accomijlished  by  pouring  a  metal  rather  low  in  silicon  and 
containing  a  little  manganese,  with  carbon  over  2  per  cent.,  against  a 
cold  surface.  The  period  of  cooling  is  thereby  so  greatly  shortened 
that  the  carbon  has  not  time  to  separate;  it  remains  in  solution  and  an 
intensely  hard  metal  results. 

If  the  disposition  of  iron  to  chill  or  of  steel  to  harden  is  called  K, 
and  computed  in  terms  of  some  standard  iron,  then  the  equation  of 
hardening  will  be 

iSi  I 

where  the  symbols  C,  Mn  and  Si  do  not  stand  for  the  atomic  weights 
of  carbon,  manganese  and  silicon,  but  for  these  elements  multiplied  by 
coefficients  not  exj^ressed  in  the  equation;  t  is  the  time  of  cooUng  in 
seconds. 

These  coefficients  are  not  yet  fully  worked  out;  they  can  be  found 
only  by  experiment.  Still  they  are  known  approximately  ;  thus,  that 
for  carbon  is  from  2  to  4  per  cent,  of  the  weight  of  the  iron,  silicon 
from  1  per  cent,  to  nothing  for  chilling  irons.  For  steel  the  values 
are:  carbon,  fromlj  per  cent,  to  \  percent.  Silicon,  under  i^uths  of  1 
per  cent.  Manganese  is  highly  favorable  to  chilling  and  h-ardening; 
theoretically,  its  coefficient  might  be  made  very  large,  but  other  con- 
siderations come  in  which  demand  that  this  element  in  the  case  of 
steel  should  be  kept  quite  low. 

In  steel  the  proportion  of  carbon  is  kept  too  low  to  jjermit  of  a 
"chill"  being  formed,  in  the  technical  use  of  the  word,  when  the  hot 
piece  is  rapidly  cooled  in  water,  but  it  does  become  exceedingly  hard. 
The  cause  is  the  same  in  both  cases,  viz.,  a  complete  or  nearly  com- 
plete retention  of  the  carbon  in  solution  coupled  with  certain  phenom- 
ena of  crystallization  and  tension  to  be  considered  later.  The  differ- 
enc3  between  hardened  steel  and  chilled  iron  is  one  of  degree,  not  of 
kind.  This  view  was,  I  believe,  first  p\it  forth  by  "William  Metcalf 
over  twenty -five  years  ago,  and  all  the  added  information  on  the 
molecular  behavior  of  iron  gathered  since  that  time  confirms  its 
coi-rectness. 

The  converse  of  chilling  is  annealing;  stresses  are  released  by  the 
action  of  heat,  while  carbon  is  thrown  out  of  solution  and  tends  to 
separate  as  graphite,  only,  in  the  case  of  steel,  it  never  goes  far  enough 
to  form  true  graphite.     The  equation  of  annealing,  so  far  as  it  depends 
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on  chemical  composition,  is  the  reverse  of  that  given  for  hardening. 
It  is —  ,^      ^       Si 


C  X  Ma 

where  N  indicates  the  degree  of  softness  or  annealing  in  tei'ms  of  a 
standard  metal,  and  i  the  time  in  seconds  during  which  the  metal  is 
cooling  down  from  temjierature  T  to  temperature  7"  ;  these  points 
being  found  by  exi^erience. 

The  best  results  require  a  careful  regulation  of  the  value  of  t.  If  it 
is  too  great  and  the  metal  .kept  too  long  at  the  uj^per  temperature  T, 
the  steel  will  be  over-annealed;  it  will  somewhat  resemble  cast  iron, 
and  in  extreme  cases  the  carbon  will  have  separated  so  far  as  to  be 
visible  to  the  eye  in  the  form  of  black  specks.  Thus,  we  may  compare 
the  carbon  partially  thrown  out  of  solution,  and  by  over-annealing 
made  to  approach  the  graphitic  state,  to  the  particles  of  mud  in  muddy 
water.  They  are  borne  along  mechanically,  but  do  not  affect  the  water 
except  indirectly.  Now,  if  mud  had  the  property  of  dissolving  when 
heated,  so  as  to  make  the  water  transparent,  but  at  the  same  time 
yellow,  thick  and  viscid,  the  analogy  with  the  behavior  of  carlion  dis- 
solved iu  iron  would  be  very  close. 

The  function  of  manganese  is  complicated.  That  it  is  practically 
necessary  to  have  some  of  it  in  steel  has  been  known  for  a  long  time. 
It  is  generally  supposed  to  act  by  partially  combining  with  the  oxygen 
and  sulphur,  and  thus  withdrawing  them  from  solution,  so  far  as  the 
iron  is  concerned.  UndouV)tedly  it  does  this,  but  as  the  result  of 
physical  investigations  confirmed  by  the  practical  observations  of  Mr. 
Metcalf,  it  is  certain  it  has  another  important  ^jroperty  also,  which  has 
been  already  referred  to — that  of  promoting  the  solubility  of  carbon- 
So  great  is  this  jjower  that,  if  the  manganese  is  excessive,  in  the  vicinity 
of  15  per  cent.,  carbon  cannot  be  removed  by  oxidation  below 
i  of  1  per  cent.  It  favors  hardening  and  opposes  annealing;  by 
retaining  carbon  in  solution  it  promotes  water  cracking  and  makes  the 
metal  harsh  and  brittle;  therefore,  its  use  in  steel  must  be  confined  to 
small  fractions  of  1  per  cent.  This  function  of  manganese  may  be 
compared  to  a  mordant  in  dyeing,  where  a  color  which  would  easily 
wash  out  may  be  fixed  by  first  stamping  on  the  cloth  a  mordant,  which 
is  a  substance  having  simultaneously  an  attraction  both  for  the  color- 
ing matter  and  for  the  cloth. 

Besides  these  two  properties,  manganese  is  a  hardening  element  of 
considerable  power,  so  that  even  with  very  low  carbon  a  steel  too  hard 
to  be  tooled  results  from  mixing  it  with  iron  in  quantities  of  from  10 
to  20  per  cent.     Unfortunately,  this  steel  cannot  be  annealed. 

The  action  of  sulphur  is  wholly  detrimental;  the  same  is  trxie  of 
phosphorus.  Both  of  these  elements  have  their  injurious  action  in- 
creased somewhat  in  proportion  to  the  amount  of  carbon  present,  so 
that  for  high  steel  they  must  be  kept  down  to  a  few  hundredths  of  1 
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per  cent.  Suljiliur  has  a  notable  influence  in  making  iron  and  steel 
red  short.  Phosjihorus  greatly  impairs  ductility  and  tenacity  in  high 
carbon  steel.     In  wrought  iron  its  presence  is  much  less  injurious. 

Silicon  is  generally  objectionable,  as  it  tends  to  cause  an  impairment 
of  tenacity  and  ductility.  Its  action  in  this  respect  is  not  very  marked 
if  its  amount  does  not  exceed  -j^oths  of  1  per  cent.,  while  as  a  partial 
neutralizer  of  dissolved  oxygen  it  may  even  be  beneficial.  E.  A.  Had- 
fleld  has  published  rejjorts  which  state  that  silicon  is  an  advantage  up 
to  a  certain  limit,  bixt  tests  made  by  Mr.  Metcalf  and  myself  do  not 
substantiate  this  view. 

The  influence  of  carbon,  and  to  a  less  degree  that  of  silicon,  is 
shown  by  the  following  tests  made  by  Mr.  Metcalf  on  various 
steels  : 


Marks. 

Carbon. 

PouKDS  PEK  Square  Inch. 
ULTI.^LATE  Strength. 

1 

Under  .30 

58  760 

2 

.50 

87  726 

3 

.70 

87  97.5 

4 

.70 

IDH  095 

5 

Under  .30 

63  790 

6 

Under  .30 

l-.i  887 

7 

.35 

76  952 

8 

.62 

84  500 

9 

.22 

86  450 

In  Nos.  1  to  7  the  silicon  was  about  .20;  jDhosphorus,  under  .05; 
sulj^hur,  under  .03.  Nos.  8  and  9  contained  less  than  .03  silicon,  but 
they  carried  some  tungsten  and  therefore  belonged  to  the  groui)  of 
special  steels.  The  last  one  especially  shows  that  tungsten  increases 
the  tensile  strength  of  mild  steel,  but  the  increased  difiiculty  of  work- 
ing it  largely  neutralizes  its  benefits. 

AijLoy  Steels. 

There  are  forms  of  steel  having  sj^ecial  properties  to  fit  them  for 
particular  purposes.  Within  our  experience  no  addition  of  am-thing 
to  iron  beyond  the  limits  of  carbon  and  manganese,  already  given,  im- 
proves it  as  a  steel  for  all-round  purijoses.  As  soon  as  we  specialize, 
it  at  once  becomes  evident  that  gain  in  one  feature  is  met  by  losses  in 
others.  Hence,  the  number  of  special  steels  is  small.  The  only  useful 
alloy  steels  hitherto  produced  commercially,  are  four — tungsten,  chro- 
mium, nickel  and  manganese  steels. 

It  is  popularly  believed  that  tungsten  renders  iron  very  hard,  and 
in  support  of  this  is  the  fact  that  there  are  many  brands  of  so-called 
self-hardening  steel  on  the  market,  that  is,  of  a  steel  which  does  not 
require  to  be  rapidly  cooled  in  order  to  become  file-hard.  Neverthe- 
less, this  belief  is  erroneous,  for  if  a  steel  be  chosen  not  excessively 
high  in  manganese  and  carbon,  as  all  the  self-hardening  specimens  are, 
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then  no  amount  of  tungsten  will  make  it  file- hard  if  allowed  to  cool 
spontaneously  in  the  air. 

I  have  made  alloys  as  high  as  30  per  cent,  of  tungsten  which  could 
be  filed. 

The  true  function  of  this  element  is  to  delay  the  rate  of  change  of 
carbon  when  either  going  into  or  out  of  solution.  It  acts  somewhat  as 
glue  in  water  would  do  towards  the  latter's  power  to  dissolve  salt  or  to 
permit  it  to  crystallize  out.  The,  final  solubility  of  the  salt  is  not  much 
afi'ected  by  the  presence  of  "the  glue,  but  the  rate  of  dissolving  is  enor- 
mously lengthened. 

In  tungsten  steel  this  results  in  giving  to  a  lathe  tool,  for  instance, 
the  usefiU  feature  of  taking  a  heavy  roughing  cut  at  a  considerable 
l^eripheral  sj^eed  which,  of  course,  heats  the  tool  considerably,  but 
does  not  draw  the  temper,  while  a  plain  carbon  steel  tool  would  have 
some  of  its  carbon  thrown  out  of  solution  and  become  softened  by  so 
high  a  duty.  The  effect  of  the  tungsten  is,  then,  to  require  a  change  in 
the  value  of  /.  If,  in  the  equation  for  hardening,  t  has  its  usual  value 
of  a  few  seconds,  the  tungsten  steel  will  crack  and  fly  to  pieces;  but  if  it 
is  prolonged  to  a  few  minutes,  as  in  spontaneous  air  cooling,  then  a 
hard  product  remains.  If  in  annealing  the  usual  time  is  taken,  a 
tungsten  steel  will  be  imperfectly  softened;  but,  if  Ms  lengthened  suf- 
ficiently, satisfactory  results  may  be  obtained. 

Tungsten  steel  is  neither  so  hard  nor  so  strong  as  plain  carbon  steel; 
hence,  there  is  no  advantage  in  using  it  excei:)t  for  special  2)urposes. 
An  incidental  result  of  the  function  of  tungsten  in  delaying  changes  of 
carbon  was  discovered  by  me  some  years  ago  and  is  now  known  as  the 
emery-wheel  test. 

If  ordinary  steel  be  touched  to  the  surface  of  a  revolving  emery 
wheel,  it  will  give  ofi"  a  shower  of  brilliant  sparks  which  explode  into 
smaller  fragments  after  they  have  been  projected  from  the  face  of  the 
wheel.  This  appears  to  be  owing  to  the  combustion  of  the  contained 
carbon;  but  if  tungsten  steel  is  j)ut  to  the  wheel  it  will  give  oflf  only  a 
dull  red  fire,  free  from  brilliant  exijloding  sparks.  So  j^owerful  is  this 
effect  that  less  than  0.5  per  cent,  of  tiingsten  can  be  readily  detected 
by  the  use  of  an  emery  wheel. 

Chromium,  like  manganese,  is  a  triie  hardener  of  iron  even  in  the 
absence  of  carbon;  like  manganese  it  tends  to  hold  carbon  in  solution, 
but  much  more  powerfully. 

The  addition  of  1  or  2  per  cent,  of  chromium  to  a  carbon  steel  will 
make  a  metal  which  gets  excessively  hard.  Hitherto  its  ijrinciiml  em- 
ployment has  been  confined  to  the  production  of  chilled  shot  and  shell. 
OAving  to  the  intense  mordanting  power  of  chromium  the  carbon  is  in 
very  intimate  and  complete  solution.  Hence  result  powerful  molecu- 
lar stresses  after  cooling,  and  the  shells  frequently  break  spontaneously 
months  after  thev  are  made. 
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In  1888,  Mr.  E.  A.  Hadfield,  of  Sheffield,  produced  a  remarkable 
alloy  steel,  which  he  called  manganese  steel.  It  contained  from  10  to 
20  per  cent,  of  this  element,  with  carbon  in  some  cases  as  low  as  0.50. 
This  material  is  initially  nearly  file-hard.  Annealing  does  not  soften  it, 
but  if  plunged  red  hot  into  water  it  is  slightly  softened.  Unfortu- 
nately this  material,  which  has  so  many  good  qualities,  is  too  hard  to  be 
tooled,  and  hence  its  applications  are  limited. 

The  same  metallurgist  has  introduced  a  silicon  steel,  in  which  a 
large  i^art  of  the  carbon  is  rej)laced  by  silicon.  This  material  is  less 
subject  to  the  injurious  action  of  phosjihorus  than  ordinary  steel,  but 
it  does  not  surpass  the  latter  in  any  useful  physical  property  and  falls 
below  it  in  some  others. 

Some  Physicaij  Peopeeties  or  Steel. 

The  most  remarkable  physical  property  of  high  steel,  the  one  which 
gives  it  value  as  distinguished  from  iron  and  other  structural  metals, 
and  the  one  which  belongs  to  it  almost  exclusively,  is  that  of  becoming 
intensely  hard  when  cooled  rajjidly  from  a  temperature  a  little  above 
redness.  This  subject  has  long  exercised  the  minds  of  metallurgists, 
physicists  and  chemists.  A  check  list  of  the  literature  of  this  subject 
would  be  very  extensive.  For  the  purposes  of  this  report  the  subject 
will  be  confined  to  work  done  in  connection  with  the  Crescent  Steel 
Company,  and  to  the  writings  of  William  Metcalf  and  myself,  followed 
by  some  recent  articles  published  in  England. 

If  a  bar  of  high  steel  is  broken  by  a  transverse  stress,  the  fracture 
will  be  rough  and  crystalline;  this  appearance  is  sj^oken  of  as  the 
grain  by  practical  steel-makers.  It  refers  primarily  to  the  broken 
stirface  and  it  does  not  assume  that  the  internal  arrangement  in  the 
undisturbed  particles  of  the  bar  at  a  distance  from  the  end  will  be 
identical  Avith  the  ajipearance  of  the  fractured  surface,  because,  at  the 
moment  of  rupture,  the  metal  is  subject  to  compressive  and  tensile 
strains  which  must  have  an  important  effect  in  jilacing  the  particles  in 
the  final  state  where  they  become  \T.sible  on  the  surface.  But  while 
there  is  not  identity  of  arrangement,  still  there  will  be  a  constant 
relation  between  the  superficial  and  internal  particles,  so  that  it  is 
legitimate  to  classify  steel  by  its  fracture.  The  term  grain,  then, 
relates  to  the  crystalline  structure  of  the  metal,  and  it  must  be  care- 
fullv  remembered  that  it  does  not  imply  either  a  fibrous  or  a  cellular 
structure.  In  fact,  steel  which  has  been  thorovighly  melted  is  wholly 
free  from  fiber  or  cells.  Mr.  Metcalf  deWsed,  in  1876,  a  simple  but 
beautiful  method  of  showing  the  dependence  of  the  grain  upon  the 
temperatiire  at  which  a  piece  of  hot  steel  is  cooled  in  water.  His 
method  is  the  following:  Take  a  bar  of  steel  about  three-fourths  of  an 
inch  in  diameter  and  nick  it  with  a  chisel  in  six  i>oints  about  an  inch 
and  a  half  apart,  and  number  them.     Now,  heat  the  bar  so  that  the 
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No.  1  jjiece  at  the  end  shall  bs  nearly  white  hot  and  scintillating, 
while  No.  6  is  not  red  hot,  the  temperature  varving  gradually 
between  these  extremes,  and  having  aj^proximately  the  following 
optical  appearances:  No.  1,  scintillating;  No.  2,  yellowish  white; 
No.  3,  lemon  yellow;  No.  4,  orange;  No.  5,  reddish  orange;  No.  6,  black. 
Now,  cool  the  bar  in  water  and  break  it  into  six  sections.  Then  the 
fractures  will  appear  as  follows:  No.  1,  coarse  brilliant  sandlike 
particles,  very  hard,  biit  which  crumble  off  readily.  Probably  the 
I)iece  will  be  cracked  down,  its  side.  No.  2,  brilliant  and  sandy,  but 
the  grains  smaller  than  No.  1;  probably  it  will  be  cracked.  No.  3,  a 
brilliant  gray  crystalline  background,  showing  sandy  particles.  No.  4,  a 
very  fine  gi'ained  satinlike  luster,  the  individual  grains  about  ^joVuth  of 
an  inch  apart  and  wholly  free  from  a  sandy  ai^pearance.  This  is  called 
the  refining  j^oint.  No.  5,  like  the  preceding,  but  coarser  and  -with  a 
softened  luster.  No.  6,  more  decidedly  crystalline,  the  grain  coarser 
than  No.  5,  and  the  luster  softened  as  though  an  infinitesimal  film  of 
oil  was  on  the  surface. 

On  trying  the  above  with  a  file.  No.  1  will  be  found  glass-hard,  but 
destitute  of  strength;  No.  2,  glass-hard  and  a  trifle  stronger;  No.  3, 
very  hard  and  moderately  strong ;  No.  4  will  scratch  glass  with 
difficulty,  but  is  very  strong  and  elastic;  No.  5  can  be  filed,  is  very 
elastic;  No.  6,  soft.  No.  4  gives  the  maximum  of  useful  projjerties;  it 
is  that  at  which  hardness  and  ductility  are  combined  in  the  best  pro- 
portions. This  refining  point  is  then  a  critical  temj^erature  condition, 
at  which  all  steel  should  be  hardened.  It  is  not  rigidly  fixed,  however, 
for  it  varies  with  the  quantity  of  carbon  in  the  steel.  The  above  de- 
scription applies  to  steel  holding  about  1  per  cent,  of  carbon.  The 
refining  i^oint  -will  move  up  the  temperature  scale,  /.  e. ,  towards  the 
hotter  end,  the  lower  the  metal  is  in  carbon. 

The  appearances  noted  above  are  intimately  connected  with  the 
change  of  shape  in  the  crystallization,  /.  e. ,  grain  of  the  steel,  and  also 
with  powerful  internal  stresses  which  are  probably  molecular  in  charac- 
ter ;  also  \\Tith  chemical  differences  in  the  amount  of  dissolved  carbon. 
The  evidence  for  this  statement  is  ample.  The  changes  in  grain  are 
directly  visible  to  the  eye,  also  they  can  be  noted  mechanically  bv  the 
concomitant  variations  in  hardness  and  ductility.  As  to  the  existence 
of  internal  stresses,  the  cracking  of  overheated  pieces  and  the  retrac- 
tion of  the  edges  of  a  ring  of  hardened  steel  after  it  has  been  broken 
show  the  fact  clearly;  also,  there  is  a  change  of  volume  on  hardening. 
This  is  an  expansion,  the  amount  of  which  varies  with  the  quant  it  v  of 
carbon  in  the  steel  and  the  degree  to  which  it  was  heated  at  the  moment 
of  plunging  it  into  the  water;  it  is  sufficient  in  amoiint  to  decrease  the 
specific  gravity  to  a  notable  degree.  In  1876,  I  made  some  tests  of 
Crescent  steel,  the  results  of  which  were  published  in  the  "Proceedings 
of  the  American  Association  for  the  Advancement  of  Science,"  of  that 
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year.  The  following  table  summarizes  them.  The  first  vertical  column 
gives  the  numbers  of  a  set  of  ingots  differing  from  each  other  in  carbon, 
biit  alike  in  other  respects.  The  uj^per  horizontal  line  gives  the  num- 
bers of  the  nicked  pieces  broken  off  from  rolled  bars  made  from  certain 
ones  of  these  ingots,  and  heated  at  one  end  as  has  just  been  described. 
No.  5  was  black  hot,  and  No.  1  scintillating.  In  the  columns  below 
these  numbers  are  the  corresponding  specific  gravities: 

TABLE   No.  2. 
Specific  Gkavtty  Table. 


Specific 
Gravity. 
Ingots. 


Carbon. 


Bar. 
Rolled. 


No.  5. 


No.  i. 


No.  3. 


7.855 
7.8:3(5 
7.841 

7,8-'y 

7.838 
7.8-24 
7.819 
7.818 
7.813 
7.807 
7.803 
7.805 


.■M2 

.490 

.529 

.649 

.801 

.841 

.mi 

.871 

.955 

1.00.1 

1.0.-.8 

1.079 


7.844 
7.824 

7!829' 

7!  82.5' 

7.826' 


7.831 
7. 806 

7.'8i2 

7. '790 

7.812 

i'.k'n 


7.826 
7.849 


7.1 
7.'773 


7.823 
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7  .'780 

'7!758 

7!  755 

7!  769 


7. 814 
7.811 

7. '784 

7.755 

7!  749 

7. '741 


7.818 
7.791 

7. '789 

7.' 752 

7. '744 

7!  690 
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T^Tiile  tlie  decrease  in  si^ecific  gravity  varies  TNitli  the  increase  in 
temperature  in  a  general  vi-aj,  some  of  the  horizontal  lines  show  a  few 
numbers  diflfering  from  this,  which  is  doubtless  owing  to  the  practical 
impossibility  of  heating  all  the  pieces  to  exactly  the  same  temperature. 

In  Fig.  3  the  specific  gravities  for  ingot  and  bars  numbered  3,  8, 
10,  12,  have  been  plotted  as  curves.  It  is  interesting  to  note  that  the 
effect  of  rolling  has  been  to  increase  the  density.  Also  that  the  decrease 
in  specific  gravity  increases  with  the  quantity  of  carbon,  as  shoASTi  by 
the  way  No.  12  pitches  down  to  the  base  line  while  Ko.  3  is  ajsproxi- 
mately  horizontal.  The  refining  point  is  that  of  the  temperature  cor- 
responding to  the  figures  in  the  column  headed  No.  4  at  the  bottom. 

Mr.  Metcalf  has  found  the  esjjlanation  of  the  liability  of  steel 
to  crack  in  hardening  in  the  expansion  which  it  undergoes,  as  the  above 
table  of  specific  gravities  proves. 

The  violent  stresses  set  up  by  differences  in  the  amounts  of  the  ex- 
pansion of  hardening  of  i^arts  of  a  bar  due  to  overheating,  or  to  unequal 
heating,  account,  in  his  judgment,  for  cracking,  and  lead  to  the  iDractical 
injunction  not  to  heat  the  steel  any  higher  than  the  minimum  necessary 
to  harden  it,  i.  e.,  the  refining  point.  In  Fig.  3  the  ordinate  at  5  shows 
the  state  of  the  metal  heated  to  an  incipient  red.  This  is  enough  to 
remove  the  increased  density  of  the  rolled  bar  and  probably  all  internal 
strains.  It  shows  the  state  of  the  steel  at  what  may  be  called  normal 
density.  Now,  the  ordinate  at  4  shows  the  refined  and  hardened 
metal,  consequently  the  stresses  due  to  hardening  will  be  i^roportional 
to  the  diflferences  between  these  two  ordinates,  which  are  slight;  but 
if  the  steel  has  been  heated  to  the  temperatures  corresponding  to 
ordinates  3,  2  or  1,  the  departure  from  5  is  much  greater,  and  hence  a 
liability  to  rui^ture.  It  is  very  rarely  that  steel  cracks  at  the  refining 
point. 

The  degree  of  hardness  also  varies  with  the  quantity  of  carbon  and 
the  temperature  of  cooling.  The  maximum  rate  of  change  from  soft 
to  hard  occurs  near  or  at  the  refining  temperature,  but  it  is  not  strictly 
confined  to  this  jooint.  If  a  bar  is  nicked  and  heated,  as  previously 
described,  and  then  tested  with  a  file,  beginning  at  the  cold  end,  a  very 
slight  increase  in  hardness  can  be  felt  till  we  come  very  near  the  refin- 
ing point,  when  a  very  great  increase  occurs,  and  the  file  ceases  to  bite 
and  slips  over  the  surface.  For  all  higher  temperatures  it  will  con- 
tinue to  slip,  so  that  the  bar  seems  equally  hard  tip  to  the  end  which 
scintillated.  But  this  is  owing  to  the  file  being  no  harder  than  the 
test  piece.  If  a  diamond  is  used  it  will  be  apparent  that  there  is  an 
increase  of  hardness  above  the  refining  i^oint.  From  tests  recently 
made  the  following  curve  has  been  constructed. 

In  Fig.  4  the  curve  starts  from  the  annealed  bar.  At  A  it  begins 
to  enter  upon  the  refining  stage.  The  curve  now  becomes  nearly 
parallel  to  the  axis  of  hardness.     It  is  not  possible  to  give  quantitative 
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precision  to  the  axis  of  hardening,  because  there  are  no  trustworthy 
means  for  measuring  this  properly.  The  sensation  to  the  hand  when 
moving  a  diamond  over  the  pieces  of  steel,  together  with  a  microscopic 
examination  of  the  scratch,  leave  no  doubt  that  the  metal  cooled 
from  temperatures  above  the  refining  point  sensibly  gains  in  hardness, 
although  the  increase  is  not  large.  The  chief  gain  in  hardness  is  at,  or 
near,  the  refining  point.  An  angiilar  fragment  from  j)iece  No.  1  will 
scratch  No.  4  more  readily  than  it  will  scratch  itself. 

Closely  connected  with  the  subject  of  hardness  are  the  changes  in 
ultimate  strength  and  elasticity  due  to  hammering,  annealing  and 
tempering.  The  following  table  gives  the  result  of  tests  made  on 
some  round  steel  bars,  all  from  the  same  ingot,  which  were  tested  by 
tensile  stresses,  and  also  bv  bending  till  fracture  took  place. 
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The  total  carbon  given  in  the  table  was  found  by  the  color  test, 
which,  as  is  well  known,  is  affected,  not  only  by  the  total  carbon,  but 
by  the  condition  of  the  carbon. 
The  analysis  of  the  steel  was: 

Silicon 242 

Phosphorus 02 

Sulphur 009 

In  this  case   the  carbon  was  determined  by  combustion,  and  is, 
therefore,  truly  the  total  carbon. 


Manganese 24 

Carbon 1.31 
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Teeatment. 

Angle  of 
cold 
bend. 

Carbon. 

Diam. 

Elastic 

limit 

lbs.  per 

sq.inch. 

Tensile, 
lbs.  per 
sq.  inch. 

a*  . 

ED  -^ 

4)    S 

Grain. 

;? 

Total. 

Semi- 
graphite. 

Degrees. 

1 

Cold    h  a  m  - 

mer  bar  . . 

153 

1.25 

.47 

.575 

92  420 

141  EGO 

2.00 

2.42 

Fine. 

2 

Bar    drawn 

black 

75 

1.25 

.47 

.577 

114  700 

138  400 

6.00 

12.45 

3 

Bar   anneal- 

Fiery 
fine. 

ed 

175 

1.31 

.70 

.580 

68  110 

98  410 

10.00 

11.69 

4 

Bar     hard- 

ened and 

drawn 

black 

30 

1.09 

.36 

.578 

152  800 

248  700 

8.33 

17.9 

Fine. 

RECAIiESCENCE. 

It  has  been  known  for  some  time  that  if  a  steel  wire  is  heated  to  a 
yellow-orange  temperature  and  allowed  to  cool,  its  light  will  fade 
away  till  it  is  nearly  black  hot,  i.  e. ,  barely  visible  in  a  darkened  room, 
when  it  will  suddenly  begin  to  glow  afresh,  and  then  fade  away  the 
second  time.  This  phenomenon  has  been  called  recalescence.  Re- 
cently, it  has  been  examined  by  Osmond,  of  Paris,  and  Roberts  Austen, 
of  London,  each  observer  using  very  delicate  electrical  pyrometers  by 
which  accurate  registration  of  temperatures  was  accomplished.  These 
observers  show  that  recalescence  is  not  confined  to  wires,  but  takes 
place  in  a  mass  of  steel  however  large,  only  it  is  not  readily  ex- 
hibited to  the  eye,  excei^t  in  quite  small  wires. 
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They  show  that  if  the  pyrometer  is  inserted  in  a  piece  of  steel 
which  is  cooling  down  from  a  high  temperature,  and  the  results  laid 
off  as  in  Fig  5,  there  wall  be  an  abrupt  arrest  of  the  descending- 
pointer  at  one  spot,  marked  A  in  the  figure,  as  though  the  cooling 
had  been  stopj^ed.  This  is  the  point  of  recalescence,  which  is  at  655 
degrees  Centigrade  according  to  Eoberts  Austen.  What  has  really 
haj^i^ened  is  this  :  the  cooling  goes  on  continuously,  but  at  this 
point  the  sudden  generation  of  heat  from  within  balances  the  external 
losses,  and  so  the  jjointer  has  only  the  horizontal  component  of  its 
motion  left. 

Osmond  has  showni  that  a  similar  point  exists  for  piire  iron  at  855 
degrees  C,  only  it  is  not  so  strongly  marked.  He  thinks  that  this 
denotes  a  molecular  change  in  the  iron,  while  the  655  degrees  point  in 
steel  indicates  a  change  in  the  relation  of  carbon  to  iron.  Roberts 
Austen  has  also  pointed  out  that  the  temperature  at  which  steel  ceases 
to  be  magnetic  is  identical  with  the  point  of  recalescence.  He  also 
says  it  is  impossible  to  harden  a  i^iece  of  steel  by  plunging  it  into 
water  at  any  temperature  below  the  recalescence  point. 

Very  recently,  in  connection  with  Mr.  Metcalf,  some  experiments 
were  carried  out  which  throw  additional  light  on  the  phenomena 
of  hardening.  We  heated  by  electricity  wires  varying  in  diameter 
from  .035  to  .250  of  an  inch,  composed  of  steel  holding  1.30  per  cent, 
of  carbon  and  very  little  of  any  other  element.  When  using  the 
smaller  sizes  the  wires  would  cool  down  to  nearly  black  before  recales- 
cence set  in,  the  temperature  then  rising  suddenly  to  an  orange  color 
and  then  fading  slowly  away.  Moreover,  if  a  cold  wire  was  slowly 
heated  up,  there  was  a  prolonged  arrest  at  a  dark  orange  color,  after 
which  a  sudden  ajiparent  access  of  heat  would  set  in  and  the  wii-e 
would  go  rapidly  on  to  higher  temperatures.  These  phenomena  make 
it  possible  to  determine  the  point  of  recalescence  very  sharj^ly  by  the 
eye  alone,  provided  it  has  had  some  training  in  the  estimation  of  tem- 
peratures. 

We  found  that  the  refining  jaoint,  which,  as  has  been  already  stated, 
is  the  best  temperature  for  hardening,  was  identical  with  the  j)oint  of  re- 
calescence. This  is  a  most  interesting  observation,  for  it  shows  that  the 
refined  grain,  originally  selected  by  the  eye  alone  as  guided  by  shop 
l^ractice,  is  now  jjroved  to  be  that  very  remarkable  stage  in  the  heating 
of  steel,  where  occur,  in  addition  to  the  most  useful  degree  of  harden- 
ing, the  loss  of  magnetic  property  and  an  important  thermal  change 
revealed  by  the  pyrometer.  The  relation  between  the  hardening  and 
recalescence  temperatures  may  be  shown  by  combining  Figs.  4  and  5, 
drawing  them  to  the  same  temperature  scale  and  placing  one  below 
the  other. 

In  extending  this  work  I  encountered  a  new  fact.  If  the  wire  is 
heated  to  a  lemon  color  and  then  allowed  to  cool  to  nearlv  a  black  and 
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then  plunged  into  water  just  before  tlie  recalescence  rise  takes  place,  it 
will  be  thoroughly  hardened;  biit  if  it  is  heated  from  an  initially  cold 
stage  to  this  same  temjaerature,  it  will  not  harden.  So  this  experi- 
ment proves  that  steel  may  be  thoroughly  hardened  at  much  below  the 
recalescence  point. 
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At  first  sight  it  seems  as  though  this  contravened  what  has  i^revi- 
ously  been  said;  but  it  does  not,  if  the  following  explanation  is  accepted. 
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During  tlie  heating  of  the  wire  just  below  655  degrees,  a  breaking 
Tip  of  the  crystals  and  a  rearrangement  of  the  jjarticles  takes  place. 
Heat  is  rendered  latent  and  is  stored  up,  i^recisely  as  in  the  melting  of 
ice.  During  the  cooling  of  the  wire  from  a  high  temperature,  heat 
radiates  away  uniformly  till  the  recaleseence  point  is  reached,  when  the 
stock  of  latent  heat  suddenly  becomes  available  at  or  below  655  degrees, 
and  a  brightening  of  the  color  results.  A  small  wire  can  part  with  its 
heat  so  rapidly  that  it  can  fall  considerably  below  655  degrees  before 
the  jDarticles  have  had  opportunity  to  move  into  their  permanent  or 
cold  position.  Hence,  the  potential  heat  is  still  in  them,  and  hardening 
occurs  to  the  same  degree  as  though  the  sensible  temi:)erature  was 
higher,  because  of  the  time  lag.  The  capability  of  hardening  is  thus 
shown  to  be  a  function  of  molecular  arrangement,  not  of  heat.  Harden- 
ing seems  to  be  dejoendent  on  temperature,  only  because  the  latter  is 
the  best  means  of  bringing  about  the  favorable  molecular  condition. 

The  following  curve.  Fig.  6,  shows  the  behavior  of  a  small  wire 
when  cooling.  The  temperatures  were  estimated  by  the  eye,  taking 
Roberts  Austen's  recaleseence  point  as  655  degrees. 
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I,  temperature  at  which  cooling  begins.  C,  lowest  heat  attained  by 
the  wire  and  point  at  which  recaleseence  begins.  A  and  B,  recaleseence 
fully  established  and  ended  respectively.  For  this  small  wire,  harden- 
ing can  occur  by  sudden  cooling  anywhere  from  /  to  i?  on  a  cooling 
curve.  A  large  piece  of  steel  would  not  harden  below  655  degrees, 
because  that  part  of  the  curve  1'  G  A  could  not  exist  for  it. 

Mr.  Metcalf  has  previously  called  attention  to  four  well-marked 
states  in  the  thermal  history  of  a  cooling  mass  of  steel.  First,  the 
liquid  condition.     Second,  the  granular  state,  when  it  is  neither  crys- 
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talline  nor  j^lastic  nor  ductile.  Third,  tlie  jilastic  state,  and  fourth, 
the  crystalline  or  solid.  The  change  from  the  plastic  to  the  solid 
state  occurs  at  the  recalescence  temperature,  and  it  is  the  reproduction 
of  the  crystals  on  cooling,  with  perhaps  a  change  in  the  relation  of  the 
carbon  to  the  iron,  which  causes  the  evolution  of  heat  that  is  manifested 
as  recalescence.  A  similar  change,  but  less  in  amount,  occurs  in  some 
of  the  alloy  steels.  It  is  said  that  nickel  steel  containing  25  -per  cent, 
of  nickel  is  not  magnetic  at  ordinary  temperatures,  and  is  relatively 
soft  and  ductile;  but  if  it-is  cooled  to  —  4  degrees  Fahr.  it  suddenly 
becomes  magnetic  with,  simultaneously,  a  marked  increase  in  tensile 
strength  and  a  lessening  of  ductility. 

Mr.  Metcalf  offers  the  following  working  hypothesis,  mth  which  I 
am  in  accord: 

The  solution  of  carbon  in  steel  above  the  recalescence  point  is  prac- 
tically perfect  unless  the  dose  of  carbon  is  very  large.  At  the  recales- 
cence i^oint  and  below  it  the  excess  of  carbon  tends  to  crystallize  out; 
hence,  very  rapid  cooling  of  the  steel  is  necessary  to  retain  it  in  solution. 
Also,  the  formation  of  large  crystals  is  prevented,  only  small  ones  being 
IDroduced,  and  forming  the  refined  grain.  This  disturbance  of  the  crys- 
talline forces  results  in  violent  molecular  stresses  which  produce  hard- 
ness, for  it  is  a  familiar  fact  that  cold  rolling  or  hammering  of  any 
metal  whatever,  hardens  it.  The  function  of  the  carbon  is  to  so  alter 
the  ordinary  molecular  aggregation  of  iron,  that  this  strained  grouping 
can  be  brought  about  within  easily  managed  temperature  limits. 

Similarly,  annealing  is  a  partial  throwing  out  of  solution  of  the 
carbon  previously  dissolved. 

The  hardening  or  chilling  of  cast  iron  follows  the  same  general  law, 
only,  owing  to  the  greater  amount  of  silicon  and  carbon  present,  the 
cooling  must  take  place  from  the  liquid  condition. 

To  the  above  I  would  add  this:  the  relation  of  carbon  to  melted 
iron  is  one  which  lies  very  near  the  border  line  separating  typical 
chemical  combinations  from  typical  solutions,  if,  indeed,  any  such 
separation  exists.  Hence,  the  customary  terms,  framed  to  denote  one 
or  the  other  of  these  states,  do  not  adequately  express  the  shades  of 
difference  belonging  to  the  actual  phenomena. 
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EXPERIMENTS    ON    IRON    AND    STEEL    JOINTS, 
RIVETED  ON  AN  ANGLE. 


By  Bekteam  B.  Flint,  Esq. 
Read  June  10th,  1892. 


Tlie  point  of  the  experiments  here  described  arose  from  observa- 
tion of  the  fact  that  the  line  of  fracture  in  a  riveted  joint  with  a  double 
row  of  staggered  rivets  almost  always  follows  the  diagonals.     That  is 
in  the  sketch,  Fig.  1,  instead  of  the  break  extending  directly  from  a 
Fig./  Fig.  2 


e>  'O 


to  c  and  c  to  e,  it  will  go  from  a  to  h,  thence  to  c,  d  and  e.  Now,  what 
will  be  the  failure  of  a  lattice  bar  in  a  lattice  girder  ?  Will  the  bar 
break  straight  across  from  the  rivet/,  Fig.  2,  or  will  the  fracture  take 
place,  at  an  angle  running  from  rivet  to  rivet  ?    In  other  words,  the 
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problem  is  :  what  angle  must  a  line  of  holes  make  with  the  edge  of  the 
bar  so  that  the  member  shall  be  as  ready  to  fail  by  a  fracture  at  right 
angles  to  the  edge  of  the  bar  as  by  a  fracture  running  from  hole  to 
hole? 

In  order  to  find  out  something  about  this  a  preliminary  set  of  ex- 
periments was  made  as  follows  :  6x  J  inch  ii-on  j^late  was  made  wp  into 
ten  riveted  joints,  which  appear  below. 
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In  the  case  of  the  joints  with  the  punched  holes  the  size  of  the 
punch  was  yf  inch  ;  die,  1  inch.  In  the  joints  with  reamed  holes  the 
punch  was  ji  inch;  die,  J;  reamer,  if  inch.  The  results  api^ear  as  fol- 
lows in  a  table  :  * 


*  In  testing  the  specimens,  the  ends  of  the  6-inch  plates  were  gripped  flatwise,  and  a 
tensile  strain  applied  in  every  case.  The  "  angle  "  referred  to  in  the  paper  was  the  angle 
raade  by  the  line  of  rivets  with  a  line  at  right  angles  to  the  edge  of  the  6-inch  plate. 


No.  of 
experi- 
meut. 

Breaking 

load  of 

joint. 

Breaking  load 

per  square  inch, 

net  section. 

Per  cent. 

stretch 

in  2  inches 

1 

72  900 

45  800 

10.5 

2 

82  500 

50  000 

22.5 

3 

75  000 

47  410 

14.0 

4 

83  300 

50  700 

9.5 

5 

78  500 

48  850 

10.5 

6 

83  600 

50  100 

14.0 

7 

79  100 

55  660 

20.0 

8 

80  000 

54  500 

24.0 

9 

86  600 

50  640 

16.0 

10 

83  000 

50  120 

18.0 
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Fracture. 

Plate  broke  between  holes. 

Rivets  sheared. 

Plate  broke  between  holes. 

Rivets  sheared. 

Plate  broke  between  holes. 

Rivets  sheared. 

Plate  broke  between  holes. 

Rivets  sheared. 


In  Nos.  7  and  8,  the  iron  used  by  mistake  measured  -i^  inches 
thick,  instead  of  half  an  inch,  as  in  the  others,  which  accounts  for  their 
higher  ultimate  jjer  square  inch  of  net  section.  Several  points  in  the 
above  results  are  worth  notice. 

First — The  marked  superiority  of  the  reamed  specimens. 

Second. — The  increase  of  strength  per  square  inch  of  net  section  as 
the  angle  increases. 

Third. — The  strength  of  the  joints  having  the  same  kind  of  holes,  is 
about  the  same  whether  the  holes  are  in  line  straight  across  the 
jjlate,  or  at  an  angle.  So  that  in  figuring  the  strength  of  the  connec- 
tion, it  ai^pears  that  three  times  the  diameter  of  the  rivet  should  be 
subtracted  in  all  cases,  as  well  as  in  Nos.  1  and  2.  The  net  section 
was  taken  as  the  width  of  the  particular  plate  less  three  times  the 
mean  diameter  of  the  holes,  multiplied  by  the  thickness.  This  enables 
a  comparison  to  be  kept  up  of  the  strength  of  equal  sections  of  metal. 
The  results  of  Nos.  9  and  10  determined  the  writer  to  extend  the  series, 
in  order  to  see  what  would  happen  if  the  rivet  section  were  made  great 
enough,  by  piatting  in  more  rivets,  to  break  the  plate. 

In  the  following  the  holes  were  all  reamed  rl  from  ii  punch.  The 
forms  of  the  joints  appear  on  next  page  : 
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The  results  of  these  joints  are  tabulated  below: 


No.  of 
Expt. 

ureaKiug 
load  of 
joint. 

jireaKiDg    ioaa 

3er  square  inch, 

net  section. 

Manner  of  fracture. 

11 

95  000 

60  430 

Plate  broke  between  holes. 

12 

156  000 

101  300 

i                   ((                     a 

13 

94  200 

60  460 

'    diagonally  between  hole 

14 

149  800 

98  500 

15 

99  000 

63  750 

16 

160  000 

101  800 

17 

97  300 

64  180 

18 

158  400 

102  800 

19 

93  700 

61  430 

'       straight  across. 

20 

158  000 

102  600 

'      between  holes. 

21 

102  100 

66  300 

'       straight  across. 

22 

164  000 

108  500 

i                   (I                     a 

23 

93  800 

59  670 

(                  a                    (( 

24 

98  400 

62  590 

(                  ((                    (< 

25 

97  000 

61700 

(                        ((                          <c 

Nos.  11,  13,  15,  17,  19,  21,  23,  24,  25,  iron. 
Nos.  12,  14,  16,  18,  20,  22,  steel. 

Specimen  tensile  tests  of  the  material  used  in  these  experiments 
showed — 


Elastic   limit. 

For  iron 30  900 

For  steel  ...41  680 


Ultimate 
strengtli. 

49  880 
67  650 


stretch. 

18.7 
27.3 


Reduction 
area. 


24 

54 


By  a  comparison  with  the  results  of  Nos.  1-10  it  will  be  seen  that 
the  ultimate  per  square  inch  of  the  iron  in  these  last  exi^eriments  is 
higher  than  in  the  others.  The  reason  for  this  is  that  these  latter  have 
reamed  holes.  Where  the  others  have  reamed  holes  the  failure  was 
by  shearing  the  rivets  so  that  the  full  strength  of  the  iron  plate  was 
not  developed — 

The  same  thing  is  noticeable  in  this  table  as  in  the  other,  namely,  the 
rise  of  ultimate  per  square  inch  of  net  section  as  the  angle  increases. 
This  is  what  we  should  expect — to  find  the  value  rising  from  60  430  in 
No.  11  to  a  maximum  of  66  300  in  No.  21 — when  fracture  took  place 
straight  across  the  plate.  The  steel  likewise  increases  from  101  300 
to  108  500  when  breaking  straight  across.     From  the  above  results  we 
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would  be  warranted  in  thinking  that  a  lattice  bar  at  the  usual  angle 
would  be  as  ready  to  break  across  as  through  the  holes.  But  the 
method  of  calculating  the  allowable  load  in  such  a  bar  commonly  used 
is  erroneous.  Taking  the  tensile  strength  of  the  iron  at  49  880,  and 
deducting  one  rivet  hole  according  to  ctistom,  we  should  get  for  the 
strength  of  the  connection: 

(6  —  1)  X  J  X  49  880  =  124  700. 

But  the  highest  value  for  ii-on  (No.  21)  is  only  102  100.  Thus,  we 
see  we  are  loading  the  metal  22  i^er  cent,  higher  than  we  intend,  and 
if  we  figure  on  10  000  as  the  greatest  allowable  stress  per  square  inch 
we  are  really  straining  to  12  200. 

"With  the  steel  the  case,  curiously,  is  very  diflferent.  Computing  as 
before,  we  should  get  (6  —  1)  x  i  X  67  650  =  169  800  as  the  strength 
of  the  joint.  We  actually  get  164  000  in  No.  22,  so  that  the  overload- 
ing is  only  about  3  per  cent.  For  the  iron  it  would  seem  that  sub- 
tracting two  rivet  holes  would  give  safe  practice. 

(6  —  2)  X  i  X  49  880  =  100  000. 
No.  21  gave  102  000,  so  we  are  on  the  safe  side  for  this  angle.     If  the 
angle  is  less  than  45  degrees,  more  than  two  holes  obviously  should 
be  deducted. 

Lastly,  it  will  be  seen  that  while  the  iron  breaks  straight  across 
when  45  degrees  is  reached,  the  steel  does  not  until  51  degrees.  The 
reason  for  this  may  be  about  as  follows:  As  the  ratio  of  the  sheaiing 
strength  of  iron  to  the  tensile  strength  is  80  per  cent,  while  in  steel  of 
this  grade  it  is  only  aboiit  75  i)er  cent.,  the  iron  will  reach  a  i^oint 
where  the  metal  between  the  holes  (which  is  chiefly  subjected  to  a 
shearing  action)  will  be  sufficient  to  force  the  plate  to  break  across  nor- 
mally sooner  than  the  steel,  which  requires  more  metal  in  i^rojiortion, 
to  bring  its  shearing  resistance  equal  to  its  tensile  resistance.  Hence, 
more  metal  implies  a  larger  angle,  which  is  what  is  found. 
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HOT    TESTS    FOR    DETERMINING    CHANGE    OF 
VOLUME  IN  PORTLAND  CEMENT. 


By  W.  W.  Maclay,  M.  Am.  Soc.  C.  E. 
Bead  May  18th,  1892. 


WITH  DISCUSSION. 


The  most  important  quality  in  Portland  cement  is  its  constancy  of 
volume,  and  this  should  take  precedence  over  the  early  tensile  strength; 
because,  no  matter  how  strong  a  cement  may  be  at  first,  if  it  shows 
any  tendency  to  swell  or  change  its  volume,  it  is  only  a  question  of 
time  when  it  will  eventually  fail  by  the  disintegration  of  its  constituents. 
The  object  of  this  paper  is  to  show  that  the  test  generally  employed 
heretofore  to  determine  the  change  of  volume  in  Portland  cement  is  of 
very  little  practical  value  and  should  be  changed  to  a  steam  and  hot- 
water  test,  Avhich  does  show  quickly  the  presence  of  disruptive  forces 
in  the  cement,  if  they  exist  at  all,  and  which  will  eventually  cause  its 
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destruction,  sometimes  at  an  early  and  sometimes  at  a  later  period. 
The  necessity  of  this  test  and  of  its  being  correctly  made  "ndll  be  more 
readily  recognized,  since  it  can  be  shown  that  a  cement  that  is  liable 
to  change  its  volume  and  ultimately  to  disintegrate,  may  in  its  tensile 
strength  for  short  periods  be  all  that  is  desirable,  or  even  be  excessively 
strong.  It  can  also  be  shown  that  there  is  no  other  test  or  require- 
ment for  Portland  cement,  nor  any  chemical  analysis,  that  will  show 
its  liability  to  failure  in  the  work  so  clearly  and  sharply  as  the  steam 
and  hot-water  tests. 

This  method  of  testing  for  changS  of  volume  first  occurred  to  the 
writer,  in  testing  some  cement  containing  a  large  quantity  of  free  or 
uncombined  lime  which  was  not  sho^Ti  at  all  by  the  ordinary  cold- 
water  change  of  volume  test.  The  well-known  avidity  of  pure  or 
caustic  lime  for  water  suggested  placing  the  pats  in  a  steam  bath  in 
order  to  hasten  the  slaking  process,  and  this  was  attended  Avith  such 
quick  and  satisfactory  results,  that  since  that  time  it  has  been  the 
writer's  practice  to  treat  all  cements  in  this  way  to  determine  their 
liability  to  change  their  volume. 

This  test  as  at  present  carried  on  in  the  testing  of  cement  by  the 
Department  of  Docks  of  New  York  City,*  consists  in  moulding  six  jjats 
of  pure  cement  and  water,  about  one-half  inch  thick  and  about  3  inches 
in  diameter,  on  thin  glass  plates,  and  of  the  same  consistency  as  for  the 
briquettes  for  tensile  strength.  One  of  these  pats  is  i^laced  in  a  steam 
bath,  temperature  195  to  200  Fahr. ,  as  soon  as  it  is  made.  The  second 
pat  is  placed  in  the  same  steam  bath  as  soon  as  it  is  set  hard,  and  can 
bear  the  l-jDound  wire.  The  thiixl  pat  is  placed  in  the  steam  bath 
after  double  the  interval  has  elapsed  that  it  took  the  j)ats  to  set  hard, 
counting  from  the  time  of  gauging.  The  fourth  pat  is  placed  in  the  steam 
bath  at  the  end  of  twenty-four  hours.  The  fifth  pat,  as  soon  as  it  is 
set  hard,  is  placed  in  fresh  water  of  a  temperature  of  abovit  60  degrees. 
The  sixth  pat  is  kept  in  moist  air  at  a  temperature  of  about  60  degrees. 
The  first  four  pats  are  each  kept  in  the  steam  bath  three  hours,  then  im- 
mersed in  water  of  a  temperature  of  about  200  degrees  Fahr.  for  twenty- 
one  hours  each,  when  they  are  taken  out  and  examined.  To  pass  this 
test  perfectly,  all  four  pats,  after  being  twenty-one  hours  in  hot  water, 
should  upon  examination  show  no  swelling,  cracks  nor  distortions,  and 
should  adhere  to  the  glass  plates.     The   latter  requu-ement,  while  it 

*  See  Plate  LI. 
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obtains  with  some  cements  nearly  free  from  nncombined  lime,  is  not 
insisted  ujion;  the  cracking,  swelling  and  distortion  of  the  pats  being 
much  the  more  important  features  of  this  test. 

In  hot  water  tests,  where  the  cement  is  very  objectionable  from 
excess  of  free  lime,  improjjer  burning,  or  other  causes,  the  trouble  gen- 
erally shows  itself  in  the  cracking  or  distortion  of  all  four  pats.  Where 
the  cement  is  not  so  bad,  the  cracking  and  swelling  takes  place  in  the 
first  three  pats  only,  and  when  the  cement  is  still  less  objectionable, 
only  the  first  two  jjats  crack  or  swell.  The  cracking  or  swelling  of  No. 
1  pat  alone  can  generally  be  disregarded. 

In  every  case  of  failure  and  rejection  the  cement  should  have  been 
allowed  to  set  hard  in  a  normal  temperature  before  subjecting  it  to  a 
steam  bath.  While  the  trouble  developed  by  the  hot  water  test  is, 
nine  times  out  of  ten,  an  excess  of  free  or  un combined  lime,  it  is  not  to 
be  inferred  that  this  is  alone  the  cause  of  the  cement  pats  failing  to 
preserve  their  volume.  A  cement  properly  i^roportioned  as  regards 
the  raw  materials,  but  where  the  burning  has  not  been  carried  to  nearly 
vitrification,  while  it  contains  hardly  any  free  lime  will  fail  in  the  hot 
water  test  by  swelling  and  distortion.  This  brings  up  the  question  of 
the  infallibility  of  the  hot  water  test,  and  while  the  writer  does  not 
contend  that  it  is  absolutely  so,  he  does  think  that  the  failure  of  a 
cement  to  pass  this  test  throws  a  grave  susi^icion  upon  its  quality,  and 
fully  justifies  its  rejection,  especially  when  it  is  corroborated  by  the 
low  tensile  strength  of  the  briquettes,  gauged  with  neat  cement  and 
two  parts  of  sand,  steamed  first  and  then  kept  in  hot  water  of  the  same 
temi^erature  as  the  pats. 

These  briquettes  are  prepared  and  treated,  as  follows:  when  mak- 
ing the  briquettes  for  the  ordinary  cold  water  tests,  four  additional  sets 
of  five  each  of  neat  cement,  and  four  additional  sets  of  five  each  of  mor- 
tar, one  part  cement  and  two  parts  sand,  are  prepared,  and  allowed  to  set 
twenty-one  hours  in  normal  moist  air  of  about  60  degrees  Fahr.  They 
are  then  placed  for  three  hours  in  a  steam  bath,  about  195  degrees 
Fahr.,  then  immersed  in  water  maintained  at  200  degi-ees  Fahr.,  after 
which  they  are  broken  when  two,  three,  four  and  seven  days  old 
respectively,  and  the  breakings  compared  with  the  normal  breakings 
of  briquettes  seven  and  twenty-eight  days  old  kept  in  cold  water. 

The  writer  finds,  in  a  general  way,  that  the  average  of  the  breakings 
of  hot  water  briquettes  of  pure  cement,  four  days  old,  are  nearly  as  high 
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as  the  normal  seven-day  breakings  cold,  and  the  hot  water  seven-day 
breakings  of  the  pure  cement  are  nearly  as  high  as  the  normal  twenty- 
eight-day  breakings  cold,  where  the  cement  is  of  good  quality.  Where 
the  cement  is  poor  and  the  pats  show  cracking  and  distortion,  there  is 
generally  a  remarkable  falling  off  in  the  strength  of  the  hot  water  bri- 
quettes from  the  above  comiDarisons,  and  one  system  can  therefore  be 
used  as  a  check  on  the  other. 

In  Table  No.  1,  giving  the  hot  water  tests  of  twenty-three  brands 
of  cement,  nine  brands  failed  by  their  pats  cracking  or  distorting  when 
steamed  and  boiled  ;  and  with  seven  of  the  brands,  whose  j)ats  thus 
failed,  the  briquettes  subjected  to  the  hot  water  test  show  a  noticeable 
falling  off  as  compared  with  the  cold  water  tests.  With  the  two  brands 
whose  pats  failed  by  cracking,  but  whose  hot  water  briquettes  did  not 
show  any  falling  off  as  compared  with  the  normal  cold  tests,  it  would 
probably  be  safe  to  use  the  cement. 

Table  No.  2  shows  the  behavior  of  each  of  the  six  pats  made  in  con- 
nection with  each  of  the  twenty -three  tests  given  in  Table  No.  1,  and  in 
the  manner  described  on  page  413, 

In  order  to  show  the  amount  of  free  or  uncombined  lime  necessary 
to  produce  swelling  or  cracking  in  the  pats,  the  experiments  given  in 
Table  No.  3  were  made.  From  this  it  will  be  seen  that  a  mixture  of 
1  per  cent,  of  caustic  lime  with  a  normal  cement  is  sufficient  to  produce 
cracking  in  pats  Nos.  1  and  2,  and  that  5  per  cent,  is  sufficient  to  pro- 
duce cracking  in  pats  Nos.  1,  2,  3  and  4,  without  this  amount  of  free 
lime  being  shown  at  all  by  the  cold  water  pat  test,  for  which  pat  No.  5, 
described  on  page  413  in  connection  with  the  hot  water  tests,  is  made. 

As  a  matter  of  fact,  cold  water  pat  tests,  to  indicate  change  of 
volume,  as  contained  in  the  "  Uniform  System  of  Tests  of  Cement,  re- 
commended by  the  Committee  of  the  American  Society  of  Ci\'il  Engi- 
neers, June  21st,  1885,"  which  require  that  they  should  be  immersed  as 
soon  as  they  have  set  hard,  are  only  of  occasional  use  and  rarely  reject 
any  cement  except  when  free  lime  is  present  to  the  amount  of  at  least 
6  or  7  per  cent.  This  test  as  prescribed  by  the  ' '  Amended  German 
Rules,"  published  in  July,  1887  (which  require  that  these  pats,  to  de- 
termine change  of  volume,  shall  not  be  immersed  until  twenty-four 
hours  after  gauging),  is  not  as  good  as  that  recommended  by  the 
American  system,  is  of  very  little  value  in  showing  cements  to  be 
of  inferior  quality  except  when  they  are  extremely  bad  ;  and  as  applied 
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to  the  Poi*tland  cements  of  commerce  it  hardly  ever  rejects  any  of 
them,  although  it  is  known  that  many  brands  of  cement  in  the  market 
are  objectionable  in  quality,  and  that  wide  variations  occur  from  time 
to  time  even  in  the  better  class  of  cements  from  their  being  imperfectly 
made. 

It  may  be  urged  that  while  5  per  cent,  of  caustic  lime  is  sufficient  to 
disintegrate  a  neat  cement  i^at  when  steamed  and  boiled,  it  might  not 
affect  the  mortar  used  in  actual  work.  This  proposition  is  very  hard 
to  prove  or  disprove,  excej^t  by  a  series  of  tests  extending  over  very 
long  periods  of  time,  inasmuch  as  the  slaking  action  in  free  lime  con- 
tained in  poor  Portland  cement  mortar  generally  takes  several  months 
and  often  years  before  gi^-Lng  trouble. 

In  deciding  upon  the  value  of  the  hot  water  test,  it  is  necessary  to 
establish  its  usefulness,  partly  by  analogy  and  partly  by  direct  proof. 
Thus  by  direct  proof  and  experiment  we  know  by  submitting  cements 
of  different  qualities  and  composition  to  this  test,  that  it  ranges  them 
somewhat  in  the  following  order:  Cements  of  good  quality,  of  normal 
composition  and  projierly  burnt,  give  satisfactory  results.  Cements  of 
poor  quality,  especially  those  containing  an  excess  of  free  lime,  whether 
because  of  too  large  a  proportion  of  chalk,  imperfect  mixture  of  the 
raw  materials,  or  improper  burning,  cannot  pass  this  test. 

We  also  know  that  a  cement  containing  2  or  3  per 'cent,  of  caustic 
lime  (added  to  a  normal  Portland  cement)  gives  the  following  results : 
briquettes  immersed  in  hot  water  promptly  disintegrate,  in  sea  water 
they  decompose  very  quickly;  the  briquettes  placed  in  air  are  reduced 
little  by  little  to  powder.  Those  which  are  kept  in  fresh  water  at  the 
ordinary  temperature  are,  on  the  contrary,  not  affected,  and  do  not  in- 
crease their  volume.  By  analogy,  we  have  a  right  to  employ  heat  in 
developing  quickly  objectionable  qualities  in  cement,  on  the  theory 
that  as  it  is  found  so  useful  in  aiding  chemical  action,  it  is  not  un- 
reasonable to  suppose  that  a  high  temperature  may  show  in  a  very 
short  time  the  faults  that  would  take  months  or  years  to  produce 
failure  in  the  work.  Esjjecially  is  this  reasoning  plausible  when  we 
know  that  good  cements  will  stand  this  test  and  bad  cements  will  not. 
By  good  cement  is  meant  cements  of  the  normal  mixture  in  the  raw 
materials,  proper  burning  and  grinding,  and  those  giving  a  good  Port- 
land cement  analysis  after  being  manufactured,  and  which  do  not  swell 
or  crack  in  the  work.     From  this  the  writer  thinks  it  can  be  safely  said 
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that  cements  failing  to  pass  this  hot  water  test  should  be  used  with 
extreme  caution  in  important  work. 

The  above-described  hot  tests  are  intended  for  cement  to  be  used 
under  water,  and  as  many  excellent  hydraulic  cements  decompose  when 
placed  entirely  in  the  air,  the  writer  would  recommend  that  where 
Portland  cement  is  to  be  used  exclusively  in  the  air,  it  should  be  re- 
quired to  pass  a  hot  dry  test,  instead  of,  or  in  addition  to,  steaming  or 
boiling.  For  a  long  time  the  writer  has  been  trying  to  find  some  ready 
method  of  chemical  analysis  by  which  the  amount  of  free  lime  in  Port- 
land cement  could  be  determined  aj)proximately,  but  at  the  same  time 
■ndth  some  reliability,  but  has  not  yet  obtained  anything  satisfactory. 
Finding  the  amount  of  free  or  uncombined  lime,  by  determining  the 
carbonic  acid  and  then  calculating  the  amount  of  free  lime  present  as 
carbonate  of  lime  is  perfectly  unreliable,  although  it  is  given  as  the 
proper  method  by  some  authorities  on  cement.  By  this  method,  if  the 
sample  is  treated  just  as  it  comes  from  the  barrel,  it  must  be  on  the 
theory  that  the  free  lime  in  the  barrel  has  been  first  hydrated  and  then 
carbonated,  two  very  slow  processes  which  might  take  years  to  accom- 
plish in  a  tight  barrel ;  and  if  the  sample  itself  is  artificially  hydrated 
and  carbonated,  we  do  not  get  a  correct  idea  of  the  cement  as  it  is  con- 
tained in  the  barrel  and  is  to  be  used  on  the  work,  even  if  the  result 
were  correct  in  determining  the  free  lime  present,  which  is  doubtful. 

Fresenius*  says  in  relation  to  the  determination  of  the  uncombined 
lime  ' '  to  effect  the  separation  of  the  caustic  or  carbonated  lime  in 
hydraulic  limes,  from  the  silicates,  Deville  {Compte.  Rend.,  37.1001, 
Journal  "  F"  prakt.  cliem.,  62.81)  proposed  to  boil  with  solution  of  am- 
monium nitrate,  which  he  stated  would  dissolve  the  caustic  lime  and 
carbonate  of  lime,  without  exercising  a  decomposing  action  on  the 
silicates." 

Grunning  [Journal  " F"  proAf.  chem.,  62.318)  found,  however,  that 
by  this  process  the  double  silicates  of  aluminum  and  calcium  are  more 
or  less  decomposed,  with  a  separation  of  silicic  acid.  As  yet  no  method 
is  known  by  which  the  object  here  stated  can  be  accomplished  with 
absolute  accuracy;  the  best  way  perhaps  is  treating  the  sample  with 
dilute  acetic  acid;  C.  Knausz  [Gewerbeblatt  aus  Wurtenberg,  1855,  No.  4, 
Chem.  Centralblatt,  1855,  244)  recommends  hydrochloric  acid. 

The  following  very  roughly  approximate  method  is  herewith  sug- 

*  Fresenius'  "  Chemical  Analysis,"  translated  by  0.  D.  Allen  and  S.  W.  Johnson. 
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gested  in  determining  the  amonnt  of  free  or  nncombined  lime  in  Port- 
land cement.  Take  1  gramme  of  cement  powder  and  mix  it  witli  40  cubic 
centimeters  of  boiled  cold  distilled  water  in  a  stoppered  flask.  Shake 
frequently  for  one  honr  and  then  filter  off  20  cubic  centimeters  of  this 
solution  and  determine  the  amount  of  lime  in  the  same  by  the  usual 
methods. 

While  it  is  well  known  that  pure  water  dissolves  the  silicates  and 
aluminates  of  lime  in  Portland  cement,  preferably  the  latter,  the  action 
does  not  begin  until  the  solution  contains  less  than  0.62  gramme  of  lime 
per  litre. 

In  the  above  method,  if  the  cement  contained  only  2  i  per  cent,  of 
free  lime,  the  above  solution  should  contain  at  least  0.62  gramme  of 
lime  per  litre,  and  consequently  the  silicates  and  aluminates  of  lime 
would  just  begin  to  be  dissolved  by  the  water. 

There  being  very  little  assistance  to  be  derived  from  chemical 
analysis,  in  determining  the  amount  of  free  lime  in  Portland  cement, 
which  is  shown  so  quickly  and  sharj^ly  by  the  hot  water  tests,  attention 
has  been  directed  to  the  behavior  of  this  cement  in  sea  water  ;  and  it 
has  been  suggested  that  instead  of  using  the  hot  tests  to  which  some 
object  on  account  of  their  violence,  the  pats  of  jiure  cement  to  show 
change  of  volume  should  be  immersed  in  sea  water  of  normal  temi^era- 
ture,  where  a  cement  containing  1  to  2  per  cent,  of  uncombined  lime 
generally  shows  cracking  in  a  very  little  time. 

The  action  of  sea  water  and  of  the  hot  tests  upon  Portland  cement 
have  some  points  of  resemblance.  With  the  hot  tests,  pats  of  pure 
cement  show  the  presence  of  free  lime  more  readily  than  the  sand 
mixtures,  as  do  the  pats  and  briquettes  of  pure  cement  containing 
free  lime  immersed  in  sea  water,  which  after  a  lapse  of  a  certain  time 
invariably  show  signs  of  failure;  while  the  briquettes  of  sand  mortar 
are  not  affected  as  much  in  the  same  time.  These  facts  only  emphasize 
the  imjiortance  of  making  the  hot  test,  both  with  the  pure  and  sand 
mortars. 

Another  test  for  the  determination  of  free  lime,  is  that  of  the  increase 
of  temperature  when  water  is  added,  and  if  this  is  very  carefully  con- 
ducted, so  as  to  take  into  consideration  the  amount  of  heat  lost  in 
radiation,  some  quick  results  can  be  obtained. 

For  instance,  in  a  set  of  exiieriments  made  by  the  writer  with  an 
extremely  sensitive  thermometer,  graduated  to  tenths  of  degrees  (Cen- 
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tigrade)  cements  containing  very  small  amounts  of  free  lime  raised 
their  temperature  0. 20  degre6s  Centigrade,  when  50  cubic  centimeters 
of  water  were  added  to  50  grams  of  cement,  both  exactly  of  the  same 
temperature  at  the  moment  of  the  experiment.  With  cements  contain- 
ing an  objectionable  amount  of  free  lime  a  rise  of  temperature  of  0.50 
to  0. 55  degrees  (Centigrade)  was  found  under  exactly  the  same  circum- 
stances. The  small  diflference  in  the  temperature  between  adding 
water  to  cements  of  poor  and  good  quality,  makes  the  experiment  a 
very  delicate  one. 

The  following  extract  translated  from  M.  E.  Candlot's  work 
on  cement,  above  referred  to,  is  very  pertinent  to  the  subject  of 
this  article.  He  says,  with  reference  to  the  tests  with  hot  water  : 
' '  Some  years  ago,  in  Germany,  they  extolled  the  tests  with  boiling 
water,  to  obtain  in  a  short  time  resistances  as  high  as  those  shown  by 
mortars  immersed  in  the  water  at  the  ordinary  temjaerature  after  several 
months  or  even  several  years.  It  was  said  that  the  maximum  resist- 
ance that  pure  cement  is  capable  of  reaching  was  obtained  at  the  end 
of  seven  or  twenty-eight  days'  immersion  in  boiling  water.  This  claim 
was  not  justified  and  all  of  the  tests  that  have  been  made  with  a  view 
of  stating  the  resistance  of  pure  cement  mortars  immersed  in  hot  water 
have  not  given  conclusive  results.  The  hot-water  test  may,  however, 
give  a  very  useful  piece  of  information  in  showing  the  presence  of  free 
lime  in  a  lime  or  cement.  In  fact,  a  cement  to  which  is  added  one-half 
of  1  per  cent,  only  of  azotate  of  lime  highly  calcined,  swells  when  it  is 
immersed  some  time  in  boiling  water  of  from  70  to  80  degrees  (Centi- 
grade). A  cement  which  resists  well  this  test  is  certainly  free  from 
uncombined  lime.  It  is  therefore  a  precious  gift  and  easy  to  obtain. 
But  if  the  mortar  swells  or  presents  fissures,  should  we  conclude  that 
the  cement  is  certainly  bad  ?  A  cement  of  normal  composition,  not 
containing  lime  in  excess,  but  whose  burning  has  not  been  pushed  to 
vitrification,  swells  enormously  when  it  is  immersed  in  hot  water. 
However,  we  have  seen  similar  cements  give  excellent  results,  com- 
pletely difi'erent  from  those  that  have  been  given  of  cements  that  con- 
tain an  excess  of  lime.  The  latter  show  fissures  more  or  less  deep 
when  they  are  immersed  in  sea  water,  the  mortars  in  the  air  give  feeble 
resistances,  and  are  sometimes  reduced  to  powder.  With  cements  im- 
l^erfectly  burned,  but  well  proportioned  and  homogeneous,  nothing 
similar  is  observed.     These  mortars  are  permanent  in  sea  water,  show 
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no  signs  of  alteration  and  the  test  pieces  kept  in  the  air  give  results 
entirely  satisfactory.  The  test  of  pure  cement  in  hot  water  would 
condemn  such  cements  as  containing  an  excess  of  lime." 

"The  manner  of  directing  the  tests  which  has  been  described  by 
M.  Le  Chatelier  in  connection  with  the  experiments  made  by  M.  Deval 
[Bulletin  de  la  Suciete  D^ Encouragement  Four  L' Induairie  Nationale, 
Aout,  1890)  seems  preferable  to  us,  and  capable  of  giving  the  most 
useful  information.  It  consists  of  placing  briquettes  of  one  to  three 
mortar,  made  in  the  ordinary  manner  in  water  kept  at  80  degrees  (Cen- 
tigrade). The  briquettes  are  broken  at  the  end  of  three  and  seven  days, 
and  the  results  are  compared  with  those  given  after  seven  and  twenty- 
eight  days  with  briquettes  of  the  same  cement  kept  in  water  of  the 
ordinary  temperature.  Cements  containing  free  lime  give,  in  hot  water, 
resistances  more  feeble  than  in  cold.  Cements  of  good  quality  give  re- 
sistances at  least  equal  and  nearly  always  greater  in  hot  water  than  in 
cold.  Cements  well  proportioned  and  homogeneous,  but  not  having 
obtained  the  maximum  burning,  give  with  this  test  satisfactory  results. " 

In  conclusion,  the  following  extract  has  been  translated  from  a  re- 
port made  by  M.  Le  Chatelier,  in  the  name  of  the  chemical  committee, 
upon  a  paper  by  M.  Deval  relative  to  hot  Avater  of  cements  and 
hydraulic  limes  [Bulletin  de  la  Societe  D' Encouragement,  Paris,  Aout, 
1890j  :  "The  summary  of  the  experiments  reported  here  show  that 
hydraulic  products  of  good  quality,  and  of  normal  manufacture,  are 
ranked  practically  in  the  same  order  by  tests  either  hot  or  cold,  the 
deviations  not  being  greater  than  should  result  from  errors  of  experience. 
Products  containing  free  lime,  which  in  the  cold  tests  have  an  initial 
hardening  sufficiently  rapid  and  which  consequently  are  well  graded 
(by  the  cold  test),  are  at  once  rejected  by  the  hot  tests." 

"Finally,  products  containing  pozzuolanic  material,  slightly  ener- 
getic, cinders  or  slag,  gain  notably  in  the  classification  by  the  hot  test. 
In  the  cold  test  these  constituents  do  not  play  any  role  in  the  initial 
hardening;  they  act  simply  as  inert  sand." 

"  The  use  of  the  hot  tests  presents  an  absorbing  interest  to  all 
manufacturers  who  wish  to  follow  closely  their  own  productions, 
above  all  to  the  manufacturers  of  natural  Portland  and  of  hydraulic 
limes.  The  greatest  danger  that  is  met  in  these  i^roductions  is  the 
excess  of  free  lime,  which  leads  eventually,  in  the  work,  to  the  most 
dei^lorable  deterioration,  the  masonry  joints  open  and  the  tops  of  the 


424  MACLAY   ON   HOT   TESTS    FOR   PORTLAND   CEMENT. 

wall  are  raised.  Hot  tests  lasting  only  a  few  days  are  sufficient 
to  inform  the  manufacturer  in  a  sure  way  upon  the  quality  of  the 
products  he  delivers  to  the  consumer.  The  cold  tests  do  not  furnish 
any  like  information.  The  results  would  be  the  same  with  artificial 
Portland  cement,  but  in  this  case  the  hot  tests  have  less  interest  for 
the  manufacturer,  who,  for  the  greater  j^art  of  the  time,  knows  in  advance 
the  quality  that  he  will  obtain,  according  to  the  care  which  he  bestows 
upon  the  mixture  of  the  raw  materials  and  their  burning." 

"That  manufacturers  jirotest  against  all  hot  testing  on  recep- 
tion, goes  without  saying.  These  tests  establish  a  separation  much 
too  sharp  between  jjroducts  of  the  first  quality  and  of  mediocrity, 
and  render  more  difficult  the  sale  of  the  latter,  viz. :  Artificial  Port- 
lands, poorly  burnt;  Natural  Portlands  with  excess  of  lime,  and 
hydraulic  limes  badly  slaked,  etc.  They  might  accept  these  tests  if 
carried  on  inside  of  their  factories ;  they  must  refuse  them  when  made 
outside.  The  consumers,  from  opposite  motives,  ought  to  extol  this 
method  of  testing.  The  reason  of  their  opposition  springs  from  having 
for  a  long  time  employe-1  cold  tests,  they  are  led  naturally  by  the 
single  fact  of  custom  to  consider  them  as  apj)roaching  perfection.  The 
hot  tests  and  the  cold  tests  do  not  agree.  The  one  or  the  other  must 
be  wrong.  This  condemnation,  it  is  necessary  to  say,  is  in  part  justified 
by  the  fact  that  Michaelis,  the  first  jjromoter  of  the  use  of  the  hot 
water  tests,  had  announced  an  absolute  proportionality  between  the 
hot  and  cold  resistances  (tensile  strengths).  The  incorrectness  of  this 
proposition  was  proved  a  long  time  ago  by  the  experiments  of  the 
Calais  Laboratory,  and  the  new  method  of  testing  has  been  condemned 
upon  this  simple  proposition.  Now,  it  is  jjrecisely  this  want  of  pro- 
portionality that  constitutes  its  merit.  It  permits  the  rejection  of 
certain  very  objectionable  products  that  derive  their  advantage  from 
the  cold  test.  It  may,  nevertheless,  be  a  question  whether  it  is  advis- 
able to  actually  change  suddenly  from  the  cold  tests  to  the  hot  in  the 
present  conditions  of  receiving  cement.  The  cement  factories  exist  to- 
day under  a  rt'gime  which  favors  a  material  containing  a  small  quantity 
of  free  lime;  they  are  obliged  to  regulate  their  production  in  conse- 
quence; it  is  not  possible  from  day  to  day  to  modify  their  condition  of 
existence.  But  it  would  be  desirable  in  the  laboratories  of  the  State, 
where  tests  on  cement  received  are  made,  that  they  should  make 
regu.lar  hot  tests  of  resistance,  by  the  side  of  cold  tests  of  resistance." 
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"A  consistent  comparison  could  then  be  made,  not  in  seeking 
if  the  correspondence  between  the  resistances,  hot  and  cold,  is 
regular,  which  certainly  it  is  not,  in  view  of  the  tests  reported  here, 
but  simj)ly  in  studying  more  closely  those  cements  in  which  these  two 
modes  of  testing  lead  to  results  notably  divergent.  One  should  then 
recognize  the  condition  of  the  production  of  these  materials,  and 
observe  with  more  care  the  manner  in  which  after  a  long  time  they 
behave  in  the  work.  In  a  few  years  one  could  fix  upon  a  method 
of  classification  which  would  more  nearly  api^roach  the  truth." 

"  The  tests  of  hot  resistance  should  be  made  by  immersing  the 
briquettes  in  water  of  80  degrees  (Centigrade)  twenty-four  hours  after 
gauging;  for  limes  feebly  hydraulic  only,  the  immersion  should  only 
be  made  at  the  end  of  three  days.  The  briquettes  should  be  broken  at 
the  end  of  seven  days  after  their  immersion  in  hot  water.  Correspond- 
ing tests  should  be  made  in  twenty-eight  days  in  cold  water.  In  all 
cases  mortar  of  normal  sand  (one  to  three)  should  be  used,  strongly 
rammed  according  to  the  Boulogne  specifications." 


DISCUSSION. 


Mr.  E.  W.  Lesley. — I  want  to  say  very  frankly,  as  is  probably 
known  to  the  Chair,  that  I  am  a  manufacturer  of  Portland  cement. 
As  a  manufacturer  of  cement,  and  merely  an  invited  guest  at  this  very 
interesting  meeting,  it  is  with  considerable  diffidence  that  I  venture 
to  raise  some  questions  as  to  the  value  of  the  new  test  for  Portland 
cement  recommended  by  Captain  Maclay.  My  only  excuse  is,  that  to- 
day, as  in  the  earlier  days  of  Portland  cement,  it  is  the  interest  of 
both  manufacturers  and  engineers  to  secure  the  best  results  and  to  co- 
operate in  prescribing  such  tests  as  will  secure  these  ends  and  main- 
tain and  increase  the  confidence  of  the  public  in  cement  and  cement 
construction. 

When,  in  1865,  and  again  in  1871,  in  the  formative  days  of  the 
Portland  cement  industry,  John  Grant,  the  pioneer  among  engineers 
in  the  testing  and  use  of  Portland  cement,  read  his  results  before  the 
Institution  of  Civil  Engineers,  in  London,  the  leading  manufacturers 
in  England,  such  as  "SMiite,  Francis,  and  others,  were  present  and  took 
part  in  the  discussion,  and  aided  in  the  formulation  and  determination 
of  the  proper  standard  of  tests.     So,  too,  in  Germany,  manufacturers 
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and  Government  engineers  confer  in  coming  to  conclusions  as  to 
normal  tests;  while,  in  the  prej^aration  of  the  American  Society's  sug- 
gestions for  specifications  for  cement,  the  services  of  the  well-known 
manufacturer,  Mr.  Norton,  were  called  in  as  a  member  of  the  Com- 
mittee. With  these  precedents  in  mind,  and  with  no  wish  but  to 
conserve  the  best  interests  of  engineers,  consumers  and  manufacturers 
in  the  use  of  an  article  of  the  greatest  importance,  I  venture  to  make 
a  few  remarks  upon  Captain  Maclay's  paper. 

The  object  of  Captain  Maclay's  paper  is,  as  stated,  "to  show  that 
the  test  generally  emiiloyed  heretofore,  to  determine  the  change  of 
volume  in  Portland  cement,  is  of  very  little  practical  value,  and  should 
be  changed  to  a  steam  and  hot  water  test."  In  accordance  with  this 
recommendation  of  his,  he  has,  already,  in  the  specification  of  the 
Department  of  Docks,  dated  May  1st,  1891,  required  substantially  the 
elements  already  stated  in  his  paper  as  to  hot  water  and  steam  tests. 
In  paragraphs  10  and  11  of  that  specification,  it  is  required  that, 
after  the  hot  water  test,  "the  cakes  of  cement  should  still  adhere 
to  the  glass";  and  in  Article  17  of  that  specification,  it  is  stated  that 
*'the  neat  cement,  when  set,  must  show  no  distortions  or  cracks,  and 
must  comply  with  the  requirements  of  paragraphs  9,  10  and  11,  in 
the  memoranda  of  testing  already  quoted.  Presumably,  therefore, 
should  the  American  Society  determine  that  the  new  test,  such  as 
recommended  by  Captain  Maclay,  is  necessary,  a  specification  some- 
what similar  to  that  mentioned  would  be  suggested  by  the  Society. 

In  order  to  test  this  specification  and  its  utility,  it  behooves  us,  as 
manufacturers,  and  you,  as  engineers,  to  consider  well  and  to  go  slow. 
In  the  first  place,  in  reading  over  Captain  Maclay's  very  interesting 
paper,  it  will  be  noted,  that  out  of  twenty-three  brands  of  Portland 
cement  examined,  nine  failed  to  stand  the  requirements  of  his  specifica- 
tion— a  proportion  out  of  all  reason,  with  present  methods  of  manufac- 
ture. It  will  be,  moreover,  noted  in  all  that  he  has  written  in  his  paper, 
that  there  is  not  one  word  stated  or  explained  as  to  what  results  were 
obtained  at  long  periods,  or,  in  fact,  at  any  periods  over  seven  and 
twenty-eight  days,  with  the  pats  or  with  the  cements  referred  to, 
either  in  the  laboratory  or  in  the  work.  There  is  not  a  word  as  to  the 
chemical  composition  of  the  cements  accepted  or  rejected,  nor  as  to 
their  fineness,  nor  as  to  the  proportions  of  water  used  in  making  the 
pats;  all  of  which  facts,  as  I  will  show,  have  a  most  material  bearing 
on  the  question  at  issue.  In  other  words,  there  is  nothing  to  show 
that,  in  practical  results,  the  accepted  cements  were  good,  or  the  re- 
jected cements  bad,  nor  is  there  anything  as  to  any  of  the  material 
elements  of  the  test,  outside  of  tensile  strength  and  boiling. 

Now,  in  coming  to  the  recommendation  of  so  serious  a  change  in 
the  modes  of  testing  as  this,  it  would  seem  to  be  a  prime  necessity 
that  all  the  practical  results  in  the  laboratory,  as  well  as  in  the  work. 
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should  be  fully  set  forth  before  making  such  a  recommendation. 
Upon  this  point,  I  propose  to  touch  more  fully,  when  I  give  some 
actual  results  with  cements,  tested  under  the  methods  described  by 
Captain  Maclay,  at  long  periods.  But  upon  the  question  of  standards^ 
the  change  of  standards,  the  establishment  of  standards,  it  is  cer- 
tainly necessary  to  consider  whence  the  standards  are  derived.  The 
authorities  quoted  in  support  of  Captain  Maclay's  paper  are  two 
French  writers,  Candlot  and  Le  Chatelier,  and  not  a  single  authority 
from  Germany,  England,  Belgium  or  the  United  States.  Now,  in 
considering  the  weight  of  authorities,  it  would  seem  to  be  first  neces- 
sary to  consider  the  history  of  the  industry  in  the  place  whence  the 
authority  comes.  Taking  the  history  of  Portland  cement,  it  is  well 
known  that  it  originated  in  England.  To-day,  England  manufactures 
from  7  000  000  to  8  000  000  barrels  per  annum;  from  England,  the 
industry  went  to  Belgium,  where  nearly  a  million  barrels  per  annum 
are  manufactured,  and  to  Germany,  where,  it  is  claimed,  from 
9  000  000  to  10  000  000  barrels  per  annum  are  made.  France,  though 
the  earliest  known  in  the  chemical  investigation  of  cement,  was 
almost  the  latest  of  the  great  nations  to  make  Portland  cement,  and 
to-day  her  product  is  barely  a  million  and  a  half  barrels.  Xow,  French 
engineers  use  largely  lime  of  Tiel,  which  is  hydraulic  lime  (see  Le 
Chatelier),  and  their  experience  is  largely  confined  to  materials  of 
this  kind;  though,  of  late  years,  the  use  of  Portland  cement  has 
increased. 

In  considering  the  question  of  authority,  therefore,  taking  the  stand- 
ard specification  of  the  German  Society  of  1887,  which  requires  no  boil- 
ing test,  but  an  exposure  in  thin  pats  to  water  for  twenty-eight  days, 
after  having  been  first  exposed  in  air  for  twenty-four  hours;  taking 
the  English  specifications,  such  as  are  given  by  Eeid  in  his  work  on  con- 
crete, page  50,  which  requires  "  that  the  pats  shall  be  left  in  water  for 
six  days,  and  shall  neither  crack  nor  fracture  ";  Newman,  who  j^re- 
scribes  practically  the  same  requirements,  and  John  Grant,  who  even 
did  not  go  so  far  as  to  make  pats;  and  taking  the  American  Society's  sug- 
gested specifications,  formulated  by  the  very  leading  minds  on  this  sub- 
ject in  the  country,  which  require  two  pats  of  neat  cement,  "one  of 
which  is  to  be  put  in  water  and  the  other  in  air,  and  which  are  exam- 
ined from  time  to  time  for  checking,"  it  will  be  seen  that  in  none  of 
the  countries  where  Portland  cement  is  best  known  and  most  largely 
used,  is  there  any  specification  whatever  requiring  boiling,  steam  or 
hot  water  tests  for  cement. 

After  considering  the  weight  of  the  authority,  and  considering  the 
fact  that  jjossibly  two  French  writers  such  as  Candlot  and  Le  Chatelier 
might  outweigh  the  consensus  of  authority  that  has  gone  before;  let 
us  look  at  the  results  of  the  use  of  Portland  cement  by  French  engi- 
neers, and  consider  for  a  moment  the  very  small  quantity  of  Portland 
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cement  which  has  been  made  and  used  in  France,  as  against  the  use  of 
the  hundreds  of  millions  of  barrels  of  Portland  cement  made  and  used 
in  Germany,  England,  Belgium  and  the  United  States,  within  the  last 
forty  years  with  the  few  adverse  restilts  of  its  use.  Even  Candlot 
himself  is  in  doubt  as  to  his  own  reliability  and  that  of  the  French 
writers  as  authority,  because  on  page  129,  he  says:  "In  the  German 
manufactories  the  testing  is  never  done  at  the  factory;  the  cement 
once  arrived  at  destination,  is  tested  conformably  to  the  rules  estab- 
lished with  great  care  by  the  manufacturers  of  cement  and  the  Govern- 
ment Administration;  the  use  of  Portland  cement,  which  is  much 
larger  in  Germany  than  in  France,  has  never  given  rise  to  disasters." 
Possibly  M.  Candlot  had  in  his  mind  at  that  time,  the  large  bridge  at 
St.  Nazaire,  where  cement  passed  by  engineers  of  the  French  Govern- 
ment, disintegrated  after  eight  years,  and  caused  the  fall  of  the  bridge 
(see  Building  News,  London,  May,  1887).  But  even  in  France,  whence 
these  two  eminent  authorities  cited  by  Captain  Maclay  come,  the 
very  latest  specifications  by  the  French  Government  for  the  use  of  engi- 
neers doing  work,  both  under  sea  water  and  in  the  air,  requires  no 
boiling,  no  hot  water  test,  no  clinging  to  the  glass,  none  of  the  things 
referred  to  by  the  writers  in  question.  It  requires  practically  the 
same  tests  for  checking  as  those  of  the  American  Society,  vrith  the 
single  difference  that  where  the  cement  is  to  be  used  under  salt  water 
(Cahier  Guillain)  that  the  pats  shall  be  placed  in  salt  water,  with  a 
temperature  between  60  and  70  degrees  Fahr.  So  much  for  the 
question  as  to  the  Aveight  of  authority  for  changing  the  present  very 
carefully  and  skillfully  drawn  suggested  specifications  of  the  American 
Society,  and  for  introducing  into  them  new  elements  of  doubt  and  of 
uncertainty. 

Now,  upon  the  question  of  boiling  of  cement,  how  far  do  these 
gentlemen  who  have  amused  themselves  in  this  way  in  their  labora- 
torical  cook-shop  agree  as  to  how  the  cement  shall  be  tested  ;  for  boil- 
ing cement  is  no  new  thing.  We  have  Mr.  Tetmajer  and  his  followers 
of  Germany  and  Switzerland,  who  propose  to  put  the  pat  in  cold 
water,  and  raise  the  same  to  a  temperature  of  boiling,  and  examine 
the  pat  after  four  to  six  hours;  who  propose  also  to  place  it  in  water 
twenty-four  hours  after  it  has  set,  and  to  raise  the  temperature  to  120 
degrees  Centigrade  (Tetmajer,  Account  of  Sub-Committee  No.  12, 
Zurich,  1889).  We  have  also  another  amusing  little  way  of  theirs  of 
making  a  small  ball  of  cement  and,  before  it  has  even  time  to  set,  hold- 
ing it  over  the  mou.th  of  a  Bunsen  burner  until  it  is  red  hot  (Candlot, 
page  146).  We  also  have  another  mode  of  torturing  cement,  by  putting 
it  in  a  closed  chamber  and  giving  it  a  steam  pressure  of  10  to  15  atmos- 
pheres (Proceeding,  German  Cement  Manufacturers,  1891).  These  are 
only  a  few  of  the  interesting  little  frills  of  our  German  and  Swiss 
friends  interested  in  accelerated  tests,  against  whose  amusement  the 
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present  German  normal  test  has  been  held  unimpaired  for  thirty  years 
by  the  Government  and  manufacturers,  though  repeatedly  attacked  by 
these  enthusiasts. 

We  have  Mr.  Faija,  of  London,  from  whose  book,  published  in 
1890,  much  of  Captain  Maclay's  very  interesting  methods  have  been 
derived.  Mr.  Faija  thinks  a  temperature  of  117  degrees  Fahr.  about 
right;  Captain  Maclay  thinks  200  degi-ees  Fahr.  about  right;  M. 
Le  Chatelier  prefers  80  degi-ees  Centigrade,  while  M.  Candlot  seems 
to  be  willing  to  agree  with  any  and  everybody  as  to  tempera- 
txu'es,  but  expresses,  as  does  M.  Le  Chatelier  [Bulletin  de  la  Societe 
D' Encouragemerd,  etc.,  August,  1890),  very  great  doubt  as  to  the 
utilization  of  this  test  at  all  among  engineers  and  consumers,  but 
relegates  it  vriih.  M.  Le  Chatelier  to  the  manufacttirer  as  some- 
thing very  interesting  for  him  to  amuse  himself  with  (Candlot,  page 
149)  and  properly  so,  because,  says  Professor  Schuman,  the  German 
cement  expert  (Proceeding,  German  Cement  Manufacturers,  1891) 
"until  now,  neither  the  degree  of  temperature  nor  the  duration  of 
influence  has  been  fixed,"  but,  even  if  they  were  fixed,  "it  would  be 
absolutely  necessary  to  have  always  an  exact  temperature,  and  this  is 
only  possible  when  the  gas-fittings  and  the  contrivance  for  regulating 
the  heat  are  always  properly  disposed  of."  Mr.  Faija  in  a  recent  dis- 
cussion states  that  he  devised  some  years  ago  an  apparatus  for  deter- 
mining the  soundness  of  cement,  in  which  he  treated  the  cement  at  a 
temperature  of  110  degrees.  He  had  lately  made  hot  water  tests  of 
cement,  and  found  that  he  could  blow  any  cement  to  pieces  if  it  was 
subject  to  the  specified  temperature  of  180  degrees  long  enough,  and 
therefore  boiling  was  not  indicative  of  bad  or  good  cement.  A  speci- 
fication recently  sent  him  stated  that  the  cement  "must  be  gauged 
and  placed  in  the  testing  moulds  on  plate  glass.  At  the  expiration 
of  three  hours,  the  casts  were  to  be  taken  out  of  the  moulds,  and 
exi^osed  to  the  air  for  twenty-four  hours,  after  which  they  were  to  be 
immersed  in  boiling  water  and  kept  at  boiling  point  twenty-four  hours, 
during  which  time  they  must  not  show  any  signs  of  disintegi-ation." 
He  admitted  that  he  was  unable  to  advise  the  manufacturer  what  to 
do  to  comply  "v\"ith  these  terms.  For  ordinary  purposes,  they  only  had 
to  find  out  whether  it  was  sound  or  not ;  and  that  could  be  done  without 
boiling,  which  had  nothing  to  do  with  the  constructive  value  of  the 
material. 

To  say  nothing  of  temperatures,  therefore,  nor  of  the  time  the  pats 
are  to  be  boiled,  all  of  which  is  in  doubt,  the  authorities  on  this  pro- 
posed boiling  test  do  not  even  agree  in  the  simple  question  as  to 
whether  the  pats  are  to  adhere  to  the  glass  plates  or  not,  for  Tetmajer, 
in  the  pajDcr  above  quoted,  says  that  this  is  an  essential  of  the  boiling 
test,  while  Captain  Maclay  in  the  paj)er  before  us,  says,  "that  this 
test  is  not  insisted  on,"  and  yet,  in  the  Dock  Department  Sioecification 
already  quoted  from,  it  is  one  of  the  essentials  stated. 
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Mr.  Rudolph  Dyckerhoflf,  in  a  paper  read  before  the  German 
Cement  Manufacturers,  at  their  meeting  in  February,  1891,  pages  60 
to  87,  lays  down  the  fact  that  the  finer  the  cement,  the  fatter  it  is,  the 
more  water  it  needs  and  the  more  it  shrinks.  Now,  none  of  these 
gentlemen  who  have  prescribed  this  boiling  test  seem  to  have  con- 
sidered the  question  as  to  the  amount  of  water  that  is  to  be  mixed 
with  the  cement  out  of  which  the  pats  are  made.  None  of  them 
seem  to  have  considered  that  in  these  days  of  fine  grinding,  that  fact 
may  be  a  material  one  in  the  testing  of  their  cement.  It  may  shrink 
and  leave  the  glass,  owing  to  the  fineness  of  the  grinding  or  the  lack 
of  water  in  mixing.  So  that,  on  the  whole,  so  far  as  the  boiling  of 
cement  is  concerned,  it  may  be  that  in  making  any  change  in  the 
specification  we  are  going  a  little  away  from  the  common  sense  view 
of  cement  testing;  from  Faija,  who  says,  "the  shorter  the  specification, 
the  better  ";  from  the  Germans,  who  have  one  of  the  shortest  of  specifi- 
cations; from  the  American  Society's  suggested  specification,  which  is 
intelligence  itself ;  and  from  the  specification  of  the  United  States 
Government,  H.  Clifford  Richardson,  Government  Chemist;  and  are 
getting  into  that  realm  of  uncertainty  where  the  engineer  and  the 
cement  manufacturer  must  stand  hand  in  hand  with  Centigrade,  Fahr. 
and  "sensitive"  thermometers  around  and  about  them,  and  all  the 
elements  of  a  college  for  the  education  of  very  young  men,  within 
easy  reach. 

John  Newman,  whose  book  on  concrete,  London,  1887,  is  one  of  the 
most  sensible,  so  far  as  practical  results  are  concerned,  sums  up  in 
three  pages,  15,  16  and  17,  out  of  the  difficulties  Avhich  -aflfect  the  test- 
ing of  cement,  only  forty  reasons  and  conditions  that  may  adversely 
or  favorably  aflfect  cement  tested  under  the  ordinary  English  rules. 
Adopt  these  new  methods  of  testing  and  there  will  be  four  hundred 
conditions,  and  colleges  will  have  to  provide  special  courses  for  the 
education  of  cement  testers.  No  one  can  object  to  i^roi^er,  accurate 
and  certain  tests,  much  less  the  manufacturer  than  the  consumer  or 
engineer,  but  we  ought  all  of  us  to  insist  on,  at  least,  that  degree  of 
accuracy  in  a  boiling  test  that  will  tell  us  whether  we  are  to  have  our 
pats  "hard,"  "soft,"  or  "  medium  "  boiled,  and  whether  the  minute 
glass  governing  the  period  of  their  immersion  is  to  run  by  the  minute, 
hour  or  day. 

Now,  leaving  the  reasons  already  adduced,  which  would  seem  to 
carry  some  weight,  let  us  see  what  are  the  practical  results  of  the 
boiling  test. 

Referring  to  the  i^roceedings  of  the  German  Manufacturers'  Associa- 
tion, acting  in  conjunction  with  the  Administration  of  German  Public 
Works,  held  in  1891  (Protokol  des  Vereins  Deutscher  Cement  Fabri- 
kanten,  Berlin,  1891),  it  was  unanimously  resolved  to  "adhere  to  the 
normal  test  for  Portland  cement  ";  that  "there  are  no  experiments  per- 
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mitting  an  essential  objection  to  the  certainty  of  the  normal  tests,  and 
so  while  the  accelerated  tests  for  constancy  of  volume  may  be  suitable 
as  means  for  manufacturers  to  determine  the  character  of  their 
cements,  they  are  not  appropriate  for  the  consiimer  to  obtain  a  sound 
opinion  on  the  constancy  of  volume."  This  conclusion  was  not 
arrived  at  hap-hazard,  but  it,  as  well  as  the  subsequent  results  of 
other  experiments  that  have  been  made  on  this  question,  are  predi- 
cated, not  uijon  what  a  number  of  little  i3ats  of  cement  did  in  hot 
water,  but  upon  what  cements  that  did  not  stand  the  boiling  tests 
did  do  in  actual  work  for  a  j^eriod  of  years.  These  tests,  which  form 
the  body  of  a  report  made  to  that  society  at  that  time  by  a  committee 
ajDiiointed  for  that  purpose,  were  as  follows : 

"Whenever  we  found  in  the  market  a  cement  which  could  not  stand 
the  accelerated  tests,  we  made  cakes  of  it. 

"  The  following  observations  in  the  methods  of  hardening  have  been 
made.     Pats  or  cakes  were  made  and  jilaced: 
"  1.   Only  in  the  water. 
"  2.  Twenty-four  hours  kept  wet,  but  then  hardened  in  the  ojien 

air. 
"  3.   Three  days  in  water,  and  then  hardened  in  the  oijen  air. 
"4.  Seven  days  in  water,  and  then  hardened  in  the  open  aii';  and 

finally, 
"5.  Twenty-eight  days  in  water,  and  then  hardened  in  the  ojjen 
air. 
"At  the  same  time,  the  following  experiments  were  made  to  ascer- 
tain the  strength  of  mortar,  consisting  of  one  jjart  of  cement  and  three 
parts  of  ordinary  sand  iised  by  bricklayers : 
"1.   Only  hardened  in  water. 

"  2.  Hardened  in  the  air,  in  a  room  or  out  of  doors. 
"3.  Twenty-four  hours  in  a  wet  place,  then  open  in  a  room  or 

hardened  out  of  doors. 
"4.  Three  days  in  water,  then  hardened  in  the  air,  in  a  room  or 

out  of  doors. 
"5.   Seven  days  in  water,  then  hardened  in  the  air,  in  a  room  or 
out  of  doors." 
"This  series  of  experiments  could,  however,  not  be  made  with  all 
the  cements,  because  there  was  not  always  enough  of  material,  but 
always   the   exj^eriment   was    "three   days   water,    then   air"    (either 
hardened  in  a  room  or  out  of  doors),  and  this  experiment  is  of  great 
consequence. 

"The  experiments  proved,  that  the  cake  test  in  water  (normal  test) 
was  faultlessly  endured.  I  must  once  more  emphasize  this,  and 
reiterate  that  only  such  cements  were  made  use  of  for  experiments  as 
had  not  endured  the  accelerated  tests.  Cements  that  could  not  stand 
the  regular  normal  test  of  the  German  specification,  we  were  obliged, 
of  course,  to  exclude.  Those  cakes  which  were  kept  moist  only 
twenty-four  hours,  all  became  by  and  by  more  or  less  soft.  On  the 
other  hand,  cakes  that  had  been  in  the  Avater  for  three  days  all  kept 
well,  and,  of  course,  also  those  which  had  been  in  water  seven  or  twenty- 
eight  days.  Keej)ing  them  in  water  three  days  had  also  i^revented  the 
softening  of  the  cement.  The  tests  showing  the  tensile  strength 
against  all  expectation  turned  out  well.  It  was  thought  that  such 
briquettes  which  were  directly  exposed  to  the  ojien  air,  or  remained 
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in  a  moist  form  for  but  twenty-four  hours,  would  show  a  bad  hardness. 
But  this  has  not  been  the  case;  moreover,  the  series  of  tests  have  shown 
a  regular  increase  of  hardness,  only  the  briquettes  which  had  been  in 
the  water  for  three  or  seven  days  had,  of  course,  a  greater  strength 
than  those  which  were  not  in  the  water.  I  don't  wish  to  put  before 
you  all  the  numbers,  but  they  may  be  disposed  of  by  any  one  Avho  is 
interested  in  them.  I  must  not  forget  to  mention,  however,  that 
cements  which  in  the  accelerated  tests  showed  great  strains  or  a  grow- 
ing crookedness  of  the  cakes,  were  in  tests  for  strength  not  worse  than 
cements  which  in  the  tests  seemed  to  be  but  little  attacked.  -k-  *  * 
It  has  also  occurred  that  cakes  of  a  cement  which  had  not  endured 
the  hot  test  have  been  preserved  safe  and  sound  up  to  date,  over  three 
years. 

"  These  tests  therefore  are  in  contradistinction  to  the  results  of  the 
accelerated  tests  for  finding  out  the  constancy  of  volume,  and  show 
positively  that  the  accelerated  tests  may  not  serve  as  a  standard  in 
deciding  about  the  avoidability  of  a  cement  in  case  the  accelerated 
tests  should  not  have  been  endured. " 

In  addition  to  these  practical  tests.  Prof.  E.  J.  De  Smedt,  for  many 
years  Government  Chemist  at  Washington,  and  a  leading  authority  and 
writer  on  cement,  also  conducted  a  series  of  tests  in  the  same  direction, 
which  will  be  interesting  to  us  in  this  country  where  millions  of  bar- 
rels of  natural  cement  are  used  with  entire  confidence  and  success,  and 
which  cements,  if  tested  under  the  boiling  test,  would  all  be  con- 
demned as  unfit  for  use.  In  these  series  of  tests,  the  following  results 
were  obtained: 

Prof.  De  Smedt  says  in  his  report:  "  The  piirpose  aimed  at  by 
this  boiling  test  seems  sjsecially  to  be  to  determine  the  existence  of 
any  free  lime  in  the  cement,  which,  when  used  as  mortar  in  hydraulic 
concrete  or  any  other  work,  might  have  a  final  detrimental  effect  on  it. 
Several  other  well-known  methods  of  determining  free  caustic  lime 
(CaO)  in  hydraulic  cement  are  already  at  our  disposal,  whereby  the 
safety  or  unsafety  of  a  cement  can  be  pronounced  without  any  diflficiilty 
and  without  risking  the  condemnation  of  good,  reliable  cements. 

"  If  sound  theories,  however,  and  intelligent  comparative  experi- 
ments (of  which  no  mention  is  made)  form  the  basis  of  this  proposed 
boiling-water  test,  it  will  be  received  gratefully;  but  no  mistake  of  any 
sort  can  be  jsermitted  on  this  line,  for  the  risk  is  too  great  of  comj^rom- 
ising  thereby  the  interests  of  others. 

"I  therefore  take  the  liberty  to  submit  for  discussion,  the  following 
remarks  and  queries: 

"The  first  question  of  which  we  are  reminded  is  this:  Does  this 
'  boiling-water  test '  give  positive  evidence  of  the  presence  of  caiistic 
lime  (CaO)  in  hydraulic  cement  ?  In  order  to  answer  this  inquiry  it 
became  necessary  to  make  tests  with  Portland  cements  and  with  the 
natural  light-burned  cements,  such  as  Rosendale  and  others.  Fifteen 
tests  of  natural  light-burned  cements,  including  all  of  the  standard 
Rosendale,  Potomac  and  Lehigh  cements,  were  made;  two  of  these 
stood  the  boiling  in  water  for  two  hours,  at  the  expiration  of  Avhich 
time  they  left  the  glass;  in  all  of  the  other  thirteen  tests,  the  cement 
cracked  and  crumbled  during  the  boiling  of  the  water.  These  thirteen 
samples,  as  proved  by  tests,  contained  no  caustic  lime,  and  were  slow- 
setting  cements,  while  the  two  samples  first  referred  to  as  standing  the 
boiling  in  water  better  than  the  other  thirteen,  were  quick-setting 


DISCUSSION    OX   HOT  TESTS   FOR   PORTLAND   CEMENT.        433 

cements,  and  contained  more  lime  soluble  in  water  than  the  latter. 
Thus,  it  seems  that  this  test  does  not  conlirm  the  idea  of  its  value  as  a 
test  for  determining  the  existence  of  caustic  lime  (CaO)  in  this  class  of 
hydraulic  cements.  All  the  samples  of  the  natural  cements  tested  by 
the  boiling-water  jjrocess  were  of  the  natural  cements  known  in  the 
market  as  having  given  excellent  results  as  hydraulic  cements  in  every 
kind  of  construction. 

"Tests  for  caustic  lime  were  made  by  the  ordinary  well-known  pro- 
cess on  one  dozen  different  brands  of  Portland  cement. 

"  One  only  was  found  to  contain  caustic  lime;  the  other  eleven  were 
considered  free  from  caustic  lime  and  were  classified  as  safe  and  reliable 
cements.  All  of  the  twelve  samples  were  then  submitted  to  the  boil- 
ing-water test.  After  a  few  hours  of  boiling,  all  except  two  left  the 
glass,  and  none  cracked  or  criimbled  during  the  operation.  Yet,  with 
the  exception  of  the  cement  first  referred  to,  which  was  by  the  ordin- 
arily adopted  tests  found  to  contain  caustic  lime,  I  consider  all  the 
rest  of  these  cements  good,  reliable  Portland  cements. 

"  These  experiments,  therefore,  thus  far  seem  to  prove  that  the 
water-boiling  test  is  not  fair  and  reliable  as  to  the  finding  of  caustic 
lime  in  hydraulic  cements,  but  it  is  rather  a  deceptive  one,  whereby 
good,  reliable  cements  may  be  classified  as  unsuitable  and  dangerous. 
This  is  unfair  and  discouraging  to  honest  manufacturers. 

"  Let  us  examine  whether  this  boiling-water  test  is  not  ai^t  to  pro- 
duce undesired  and  detrimental  effects  on  first-class  hydraulic  cements 
during  the  setting  stage.  It  is  a  well-known  fact  that  hydraulic  cement 
gauged  by  hot  water  will  set  quickly,  giving  a  high  tensile  strength 
in  a  short  time,  but  will  finally  return  to  a  low  and  poor  result.  Pure 
aluminate  of  lime  heated  at  200  degrees  Fahr.,  bursts  and  dissolves 
into  powder  while  setting.  At  an  ordinary  temperature  it  sets  ex- 
tremely hard  and  is  considered  one  of  the  principal  elements  in  the 
setting  and  hardening  of  hydraulic  cements  with  water.  All  good 
Portland  cements  contain  free  lime  soluble  in  water,  which  is  anhy- 
drous (CaO)  immediately  after  calcination.  It  absorbs  water  from  the 
moist  atmosphere,  whereby  the  caustic  lime  is  converted  into  hydrate 
of  lime. 

"  The  setting  and  hardening  of  hydraulic  cements  with  water  seems 
to  be  the  result  of  these  different  chemical  actions  ;  1st,  thehydrating 
of  the  aluminate  of  lime,  and  2d,  the  re-action  of  the  free  hydrated 
lime  on  silicates  of  lime,  simjile  or  multijjle,  existing  in  all  hydraulic 
cements,  and  acting  like  pozzuolana. 

"The  calcination  of  lime  with  clay  produces  no  good  hydraulic  ce- 
ment, unless  the  j^roportion  of  clay  to  that  of  lime  is  such  as  to  form, 
1st.  Aluminate  of  lime,  represented  by  one  of  the  following  for- 
mulas— 

"  Al  O  CaO  ;  Al  O  2  CaO  ;  Al  O  3  CaO. 

"2d.  Silicate  of  lime,  simple  or  multiple,  having  a  jjozzuolana 
quality.  3d.  Free  lime  acting  on  the  pozzuolana  silicates,  and  forming 
silicates  apijroaching  the  following  formula — 

"  SiO  2  CaO  3  HO  ;  SiO  3  CaO  4  HO. 

"  The  above  facts  and  theories  appear  to  demonstrate  that  it  is  ad- 
visable before  the  adoption  thereof,  that  the  boiling-water  test  should 
be  submitted  to  critical  comparative  experiments,  and  that  not  until 
good  scientific  and  practical  proofs  have  been  established  should  its 
use  as  a  test  be  authorized." 

In  addition  to  these  practical  results,  I  have  brought  with  me  some 
briquettes  of  a  cement  that  about  a  year  ago  was  tested  at  our  works, 
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and  stood  tlie  boiling  test.  It  is  a  cement  known  for  this  peculiar 
element  of  its  character,  and  for  uniformly  standing  this  particular  test. 
All  of  the  briquettes  which  I  have  here,  both  neat  and  with  sand, 
checked,  disintegrated  and  swelled ;  one  of  the  briquettes  having  an 
inch  breaking  section  was  put  upon  the  mould  in  which  it  had  been 
made,  and  showed  a  swelling  of  between  one-eighth  and  one-fourth  of 
an  inch.  Furthermore,  as  an  illustration  in  briquettes  of  tlie  result  of 
depending  upon  the  boiling  test,  a  very  interesting  series  of  figures 
upon  slag  cement  were  made  also  at  our  works,  under  the  most  careful 
conditions,  the  object  being  to  determine  the  value  of  the  slag  cement 
patents  which  our  company  was  at  that  time  about  to  purchase. 

The  slag  cement  stood  the  boiling  test,  and  gave  the  following  re- 
sults at  short  periods.     Briquettes  made  July  11th,  1888. 
3  davs  in  water,  neat,  258  lbs. 


19 


21 


360 


330 
432 


i  1  ^^^"^^  1  cement,  )  ^^q  j^^ 
(     .    by  volume         ) 
I  1  sand,  1  cement,  {  ^^^  i\)s 
]        by  volume         i 


And  all  the  indications  were  in  favor  of  the  value  of  the  cement. 
At  the  end  of  three  and  a  half  years,  namely,  on  January  20th,  1892, 
the  following  breaks  were  made  : 

Three  and  a  half  years  in  water,  neat , 221  poiinds. 

"  "  "in  water,  neat 280       ' ' 

"  "  "in  water,  1  sand,  1  cement,  by  vol  510       " 

"  "  "in  water,  2  sand,  1  cement,  by  vol.  .400       " 

"  "  "in  air,  neat,  broke  while  putting  on  clamp. 

'•'  "  "in  air,  2  sand  to  1  cement,  by  vol.    .100  pounds. 

All  of  the  sand  briquettes  kept  in  air  are  disintegrating  and  falling 
away.  These  figures  are  interesting,  not  only  from  the  fact  that  they 
show  the  boiling  test  to  be  unreliable  in  judging  cements  of  this  char- 
acter, which  are  now  largely  coming  on  the  market,  but  also  from  the 
fact  that  these  are  practically  the  longest  time  tests  that  have  been 
made  so  far  upon  slag  cement.  So  far  as  the  practical  work  with  this 
cement  is  concerned,  an  expert  sent  to  England  to  report  upon  a  dock 
built  with  the  same  slag  cement  tested  above,  rejiorted  that  the  work 
had  all  crumbled  and  gone  to  pieces. 

From  these  three  examples  of  practical  results  which,  as  already 
stated,  are  of  the  cement  tested  after  having  endured,  or  failed  to  endure, 
the  accelerated  test  of  boiling,  steaming,  etc.,  much  stronger  arguments 
can  be  made  for  the  adherence  to  the  established  standards  than  can 
be  made  from  the  j^aper  which  Captain  Maclay  has  presented  this  even- 
ing in  favor  of  any  change.  The  sum  and  substance  of  the  chemical  por- 
tion of  his  paper  is,  that  because  certain  cements  fall  apart  when  sub- 
jected to  the  boiling  test,  these  cements  are  not  good.     There  are  no 
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actual  results  of  the  use  of  the  cement,  and  no  long  time  tests  on  them 
in  air  or  in  wat-er  given,  but  it  is  stated  that  because  a  certain  cement, 
boiled  by  itself,  does  not  fall  apart,  and  the  same  cement  falls  a^Dart 
when  quicklime  is  added  to  it,  that,  therefore,  a  second  cement  which 
falls  apart  in  the  boiling  test,  does  so  by  reason  of  the  fact  of  an  excess 
of  free  lime,  and  this  without  any  analysis  of  the  two  cements  thus 
tested.     This   mode   of  reasoning   is   not    conclusive   in    a    chemical 
question  of  this  kind.     Supi^ose,  for  instance,  some  other  material  had 
been  added  to  the  first  cement  other  than  quicklime,  and  had  caused 
that  particular  cement  to  fall  apart.     There  are  a  number  of  chemicals, 
such  as  oxide  of  barium,  magnesia,  an  excess  of  clay,  any  one  of  which 
would  cause  the  result  stated      From  an  exijeriment,   therefore,  con- 
ducted with  any  of  these  chemicals,  the  same  argument  might  be  made, 
that  when  a  second  cement,  to  which  the  chemical  had  not  been  added, 
falls  apart,  that  the  falling  apart  is  due  either  to  oxide  of  barium  or 
magnesia  ;  so  that  even  as  determining  that  a  cement  which  falls  apart 
in  boiling  does  so  by  reason  of  an  excess  of  free  lime,  the  boiling  test  fails. 
Let  us  see  whether  there  is  not  a  better  reason  chemically  than 
that  given  by  Captain  Maclay.     Is  it  not  possible  that  the  checking  of 
pats  under  the  boiling  test  is  due  to  the  aluminate  of  lime  in  the 
cement  ?     This  is  a  requisite  element  in  all  Portland,  and  one  without 
danger  to  the  cement.     Is  it  not  possible  that  when  we  know,  as  we  do 
from  the  authorities  Chattonay,  Rivart,  Fremy,  De  Smedt,  Deval  and 
others,  that  the  aluminate  of  lime  is  the  first  thing  to  cause  the  setting 
of  cement,  and  that,  therefore,  when  this  element  is  present  in  consider- 
able quantities,  as  it  must  be  in  Portland  cement,  the  action  of  setting 
is  disturbed  almost  immediately  by  subjecting  the  pats  to  the  torture 
of  boiling,  steam,  etc.,  that  this  has  something  to  do  with  the  matter? 
Is  it  not  possible  that  when  we  consider  the  property  of  aluminate  of 
lime,  which,  when  "exposed  to  a  temperature  of  200  degrees,  bursts," 
according  to  De  Smedt,  that  this  element  disturbed  in  the  moment  its 
chemical  action  has  begun  by  exposure  to  high  heat  at  an  improper 
time,  swells  and  expands,  and  it,  and  not  free  lime,  is  the  cause  of  ex- 
pansion ? 

In  view  of  the  fact  that  among  the  authorities  on  cement  who  have 
followed  up  the  line  of  investigation  opened  up  by  these  writers  who 
have  made  a  study  of  aluminate  of  lime,  a  new  field  of  discovery  is 
being  laid  open,  and  in  view  of  the  fact  that,  in  this  direction,  new 
aluminate  of  lime  cements  are  likely  to  come  in  a  measure  to  take  the 
place  of  the  cheap  slag  cements  now  made;  is  it  not  possible  that  by 
adopting  a  boiling  test  which  would  inevitably  destroy  a  pure  alum- 
inate of  lime  cement,  and  one  which,  under  practical  every-day  con- 
ditions of  work,  it  would  never  meet,  a  new  and  large  field  of  discovery 
would  at  once  be  closed  up  '?  Though  no  Portland  cements  of  this 
kind  are  made  in  this  countrv,  the  French  Ciment  de  Yassy  is  an 
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illustration  of  the  type  referred  to.  In  view,  therefore,  of  the  possi- 
bility of  the  results  of  this  investigation,  and  in  view  of  all  the 
doubt  that  must  certainly  exist  in  the  mind  of  every  scientific  and 
careful  man  who  has  heard  both  sides  of  this  question  of  accelerated 
tests  to-night,  it  would  seem  that  the  matter  is  one  that  for  the  present  at 
least  should  be  left  open  pending  fiirther  investigation  and  further  light. 

J.  J.  E.  Ckoes,  M.  Am.  Soc.  C.  E. — The  remarks  made  by  Mr.  Lesley 
are  open  to  objection  in  two  respects.  Mention  was  made  of  the 
"Standard  Tests"  of  the  American  Society  of  Civil  Engineers.  The 
fact  is  that  the  Society  has  no  standard  tests  of  any  material.  It  has 
always  been  contrary  to  the  policy  of  the  Society  to  promulgate  any 
methods  of  testing  materials  as  the  best  or  only  methods  permissible. 
When  the  manufactiire  of  cement  or  iron  or  steel  or  any  material  has 
progressed  to  such  a  point  that  uniformity  in  methods  of  testing  is 
desirable,  a  committee  of  the  Society  is  very  properly  appointed  to 
investigate  these  methods  and  recommend  suggestions  which  are  in  the 
line  of  advance,  but  never  has  the  Society  as  a  body  formulated  any 
standard  for  either  manufacture  or  testing  of  any  material.  Such 
practice  would  be  contrary  to  science  and  civil  engineering,  and  when 
a  manufacturer  comes  to  us  and  says  that  the  tests  he  employs  are 
good  enough  and  he  wishes  no  change  made,  it  particularly  becomes 
the  duty  of  the  Society  and  its  members  to  investigate  the  subject  in 
order  to  find  out  whether  there  should  not  be  something  more  done 
about  it  and  whether  better  results  cannot  be  obtained.  The  ground 
taken  by  Mr.  Lesley  was  well  described  in  the  extract  from  a  paper  by 
Le  Chatelier  quoted  by  Mr.  Maclay:  "That  manufacturers  protest 
against  all  hot  testing  goes  without  saying.  The  reason  of  their  op- 
position springs  from  having  for  a  long  time  employed  cold  tests  and 
they  are  led  to  consider  them  as  approaching  perfection. " 

The  paper  of  Mr.  Maclay  is  just  a  step  in  the  right  direction.  It  is 
a  record  of  what  he  has  done  and  Avhat  he  has  found  by  his  methods. 
"Very  interesting  results  are  obtained,  and  he  states  very  frankly  in 
some  respects  he  does  not  think  that  these  are  perfect,  but  as  far  as 
he  has  gone  he  thinks  that  certain  conditions  should  be  maintained  in 
the  testing  of  cements,  conditions  not  in  the  old  creeds;  that  the  manu- 
facturers have  got  to  know  how  to  comply  with  them  in  new  directions, 
and  developing  new  results,  and  it  is  to  be  hoped  with  advantage  to 
the  manufacturer  of  cement. 

The  writer  of  the  paper  does  not  contend  that  this  test  is  absolutely 
infallible,  but  he  says  on  page  415  that  he  does  think  that  the  "  failure 
of  a  cement  to  i3ass  this  test  throws  grave  suspicion  on  its  quality  and 
fully  justifies  its  rejection,  especially  when  it  is  corroborated  by  the 
low  tensile  strength  of  the  briquettes  with  neat  cement  and  two  parts 
of  sand  steamed  first  and  then  kept  in  hot  water  of  the  same  tempera- 
ture as  the  pats. "     That  seems  to  me  to  be  as  far  as  the  paper  goes;  that 
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the  results  obtained  by  the  experimenter  led  him  to  certain  conclu- 
sions, which  he  states,  and  they  are  exceedingly  interesting,  and 
they  are  greatly  to  be  commended  and  not  to  be  attacked,  partic- 
ularly by  manufacturers  who  are  interested  in  preserving  certain 
methods  only. 

As  I  understand  Mr.  Maclay's  paper,  it  does  not  refer  at  all  to 
natural  cements,  such  as  the  Eosendale.  If  any  new  or  additional 
methods  of  determining  the  values  of  Eosendale  cements  can  be  sug- 
gested by  any  member,  they  ^vill  undoubtedly  be  gratefully  received 
and  investigated. 

Mr.  Lesley. — I  want  to  say  to  Mr.  Croes  that  he  is  perfectly  right 
in  imjalying  that  I  am  here  as  a  matter  of  business,  but  I  want  to  say 
that  in  the  discussion  and  examination  of  a  scientific  investigation 
such  as  this,  that  it  is  certainly  business  to  look  at  both  sides  of  the 
subject  and  to  draw  attention  to  that  which  seems  to  lack  in  accuracy 
and  ijrecision.  It  may  not  be  technical,  and  it  may  not  be  scientific 
to  call  attention  to  matters  of  this  kind,  but  to  my  mind  it  seems 
either  the  business  of  science  to  do  so,  or  at  least  the  science  of  busi- 
ness. As  manufacturers  it  has  always  been  our  business  to  seek  to 
raise  the  standard  of  American  manufacture,  to  seek  to  raise  the 
standard  of  the  cement.  It  has  been  our  business  to  provide  testing 
machines  at  our  own  expense  wherever  we  could  get  engineers  to  use 
them;  it  has  been  our  business  to  endeavor  to  get  the  railroads  of  the 
country  to  prescribe  standards  of  cement,  and  we  are  ready  to  co- 
ojierate  with  any  and  everybody,  consumers  or  engineers,  if  we  can 
only  get  to  some  understanding  and  if  Ave  can  come  to  some  conclusion 
that  is  pi'ecise,  accurate  and  definite. 

Now,  as  to  the  quotation  that  Mr.  Croes  has  made,  that  Captain 
Maclay  does  not  propose  any  change  in  the  mode  of  testing,  but  only 
writes  his  paper  by  way  of  a  suggestion,  I  would  only  quote  from  the 
second  sentence  in  Caj^tain  Maclay's  paper,  viz. : 

"The  object  of  this  paper  is  to  show  that  the  test  generally 
employed  heretofore  to  determine  the  change  of  volume  in  Portland 
cement  is  of  very  little  practical  value,  and  should  be  changed  to  a 
steam  and  hot-water  test."  This  certainly  means  something,  or  it  does 
not.  It  has  also  been  stated  by  Mr.  Croes  that  all  that  I  have  men- 
tioned in  reference  to  Eosendale  cements  or  natural  cements  has  no 
reference  whatever  to  Captain  Maclay's  paper,  which  is  entitled,  "Hot 
Tests  for  Determining  Change  of  Volume  in  Portland  Cement."  Cap- 
tain Maclay  may  have  intended  to  confine  his  remarks  exclusively  to 
Portland  cement,  but  the  authority  he  quotes,  and  quotes  approvingly, 
M.  Le  Chatelier,  says,  on  page  423  of  the  paper  presented  to-night: 
"  The  use  of  the  hot  tests  presents  an  absorbing  interest  to  all  manu- 
facturers who  wish  to  follow  closely  their  own  productions ;  above  all, 
to  the  manufacturers  of  natural  Portland  and  of  hvdraulic  limes." 
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This  certainly  means  sometliing,  or  it  does  not. 

Ml-.  Akthuk  Makichajj. — I  have  read  with  interest  the  valuable 
paper  by  Captain  W.  W.  Maclay  on  the  subject  of  hot  tests  of  cement, 
and  was  agreeably  surprised  to  find  his  results  to  be  almost  identical 
with  those  of  some  experiments  I  had  occasion  to  make  in  1881-83,  Avhile 
investigating  the  possibility  of  shortening  the  time  required  for  the 
setting.  It  being  nothing  else  but  a  slow  process  of  chemical  com- 
bination, and  such  combinations  being,  as  a  rule,  hastened  by  the  pre- 
sence of  heat,  the  idea  of  hot-air  and  hot-water  tests  was  suggested. 

The  briquettes  were  kept  for  several  days  in  water  at  different 
temperatures,  and,  as  a  matter  of  fact,  the  addition  of  a  very  few 
degrees  of  heat  caused  a  decided  reduction  of  the  length  of  time  re- 
quired for  setting.  But  I  was  unable  to  discover  any  well-defined  re- 
lation between  time  and  temperature.  Finally,  the  briquettes  Avere 
kept  in  boiling  water  and  the  results  became  quite  interesting.  At 
the  end  of  ten  days  the  cement,  when  of  good  quality,  had  attained 
the  strength  corresponding  to  six  months  in  cold  water,  and  in  the 
case  of  a  very  fine  ground  French  Portland,  that  strength  was  already 
attained  after  seven  days. 

Chemical  analysis  disclosed  the  fact  that  the  percentage  of  water 
entered  in  combination,  after  ten  days  in  hot  water,  was  the  same  as 
for  six  months  in  cold  water,  and  that  the  strength  of  the  cement  was 
increasing  with  the  amount  of  water  entered  in  combination.  It  was 
discovered  incidentally,  that  cement  containing  over  5  per  cent,  of 
magnesia,  or  3  per  cent,  of  uncombined  lime,  would  not  stand  the 
boiling  test. 

Another  peculiarity  was  disclosed  while  experimenting  upon  a 
cement  containing  a  large  percentage  of  ground  slate:  it  took  twenty- 
three  days  to  reach  the  strength  corresponding  to  six  months  in  cold 
water.  For  cements  to  be  exposed  to  air  alone,  I  thought  it  advisable 
to  experiment  with  hot  air;  unfortunately,  the  tests  were  not  carried 
above  150  degrees,  and  the  small  number  of  specimens  experimented 
upon  (about  one  hundred  and  fifty),  does  not  allow  positive  conclu- 
sions. But  it  was  noticed  that,  in  this  case,  the  strength  of  the 
cement  was  increasing,  not  alone  with  the  combined  water,  but  also 
with  the  amount  of  carbonic  acid  entered  in  combination. 

E.  Sherman  Goitld,  M.  Am.  Soc.  C.  E. — A  method  of  testing  the 
quality  of  a  cement  in  twenty-four  hours  is  the  desideratiim  of  the 
day  for  cement  users.  Although  the  testing  machine  for  breaking 
briquettes  by  tension  has,  in  connection  with  the  sieve,  done  great 
service  in  raising  the  standard  of  manufacture,  it  is  certain  that  it  is 
not  adequate  to  determine,  satisfactorily  and  quickly,  the  value  of 
cements.  It  may  be  doubted  if  its  most  useful  service  is  not  confined 
to  comparing  a  cement  with  itself,  that  is  to  say,  knowing  that  a  cer- 
tain cement  should  possess  a  certain  tensile  strength  at  the  end  of. 
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say,  one  week ;  if  a  given  sample  of  snch  cement  realizes  this  degree  of 
strength,  we  naturally  assume  that  the  lot  which  it  represents  is  in 
good  condition,  not  deteriorated  or  shop  worn,  and  up  to  its  own 
general  standard.  In  actual  work,  when  it  is  sometimes  difficult  to 
obtain  cement  as  fast  as  it  is  wanted,  a  method  of  testing  which  re- 
quires from  one  to  four  weeks  to  execute  is  simply  out  of  the  ques- 
tion. This  more  particularly  as  regards  Portland;  for  natural  cements 
can  be  made  to  give  results — though  often  delusive  ones — in  twenty- 
four  hours,  with  the  testing'  machine.  It  is  pretty  safe  to  say  that  the 
tensile  test  has  rejected  many  good,  and  passed  many  bad,  cements. 

Especially  do  the  results  obtained  by  the  testing  machine  (when 
standing  alone)  fail  as  means  of  d-etermining  the  character  of  a  new 
brand  of  cement,  and  it  is  in  this  respect,  particularly,  that  it  is 
behind  the  requirements  of  the  present  day,  when  new  brands  are 
being  continually  offered  in  the  market.  It  fails  in  principle,  in 
rapidity,  and  as  offering  such  a  wide  latitude  to  the  "personal  equa- 
tion." But  let  us  dwell  no  longer  upon  the  defects  of  an  old  and 
esteemed  friend,  that  has  been  a  tower  of  strength  in  the  j^ast,  and  is 
destined  to  do  good  auxiliary  service  in  the  future. 

It  is  a  disappointment  to  me  to  learn  that  Captain  Maclay,  in  the 
present  paper,  finds  that  there  is  but  little  assistance  to  be  derived 
from  chemical  analysis  in  the  important  jjoint  of  fixing  the  amount  of 
free  lime  in  Portland  cement.  It  seems  that  the  popular  belief  that 
one  can  find  out  everything  about  anything  by  "  having  it  analyzed  " 
is  as  delusive  as  regards  cements  as  we  know  it  to  be  as  regards 
water. 

It  seems  that  the  boiling  test  described  in  this  paper  bids  fair  to 
give  us  just  what  we  want  in  the  way  of  a  quick  test,  and  also  a  relia- 
ble one  of  at  least  one  of  the  most  important  qualities  of  a  cement. 
It  certainly  is  severe  enough,  one  would  suppose,  because  boiling  is 
far  beyond  any  ordeal  to  which  the  cement  can  be  subjected  in  use. 
Scientifically,  this  is  all  right;  the  test  should  be  more  severe  than 
the  use;  the  question  would,  however,  introduce  itself  whether  prac- 
tically it  was  not  so  severe  as  to  militate  against  its  o-wn  usefulness. 
I  think  that  a  long  and  careful  series  of  experiments  should  be  made 
upon  well-known  and  apj^roved  brands  before  any  positive  decision  is 
come  to  respecting  the  merits  of  the  system.  We  know  that  there  are 
many  good  brands  of  Portland  cements  in  the  market,  which  are 
probably  as  good  as,  at  jjresent,  cement  can  be  made,  and  which  years 
of  experience  have  proved  to  be  fit  for  any  work  executed  by  man. 
Let  these  be  tried  by  the  test,  and  note  the  results.  We  should  then 
know  whether  the  test  would  pass  a  good  cement,  which  is  as  neces- 
sary as  it  is  to  know  if  it  rejects  a  bad  one.  Partially,  Captain  Maclay 
provides  for  this,  by  stating  that  certain  of  the  results  may  be 
ignored. 
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The  above  leads  me  to  raise  a  point  wliicli,  I  think,  is  one  of  very 
interesting  inquiry.  Probably  the  amount  of  tested  cement  used  all 
over  the  country  is  small  in  comparison  with  the  untested.  It  is  also 
certain  that  much  cement  is  used,  which  would  be  rejected  by  a  very 
elementary  test.  What  statistics  have  we  of  work  going  to  pieces  or 
failing  in  one  way  or  another,  from  the  use  of  defective  cement; 
cement,  say,  that  would  check,  or  that  showed  low  tensile  strength  ? 
I  cannot  but  think  that  in  many  cases  cements  that  would  be  rejected 
(and  very  properly,  too)  on  account  of  failing  to  fulfil  even  the  tests 
in  common  use,  have  still  a  chance  of  doing  good  service  in  the  wall, 
or,  at  least,  of  not  disrupting  it  by  change  of  volume.  I  think  this 
may  be  due — if  it  be  a  fact — to  the  circumstance  that  (speaking  more 
particularly  of  Portland)  the  large  quantities  of  mortar  mixed  at  a 
time,  secure  an  average  quality;  the  great  amount  of  manipulation  it 
receives  before  going  into  the  work ;  and  to  the  fact  that  the  larger  part 
is  imbedded  in  the  heart  of  the  wall,  under  shelter  as  it  were,  and  setting 
under  heavy  pressure,  all  combine  to  give  the  actual  mortar  a  much 
better  chance  than  the  briquettes.  Probably  many  of  the  failures  of 
masonry  are  attributable  to  the  fact  that  there  was  not  enough  mortar 
used,  rather  than  to  the  quality  of  the  same.  It  must  be  a  very  good 
cement,  indeed,  that  will  hold  a  wall  together  when  it  is  not  there! 

I  note  that  the  process  as  described  seems  to  be  limited  to  the 
detection  of  free  lime.     Does  it  also  detect  an  excess  of  magnesia  ? 

It  is  with  great  satisfaction  that  I  observe  in  this  paper  a  recogni- 
tion of  the  fact,  which  I  do  not  recall  meeting  elsewhere  in  my  reading, 
that  cements  should  be  tested  for  air  exposure  alone  as  well  as  for 
behavior  under  water.  Hydraulic  cements  set  harder  in  water  than 
out  of  it,  and  yet  I  believe  that, in  few  ca^es  are  tests  made  on  unim- 
mersed  briquettes,  even  though  so  large  a  proportion  of  our  masonry 
work  is  built  above  ground,  and  consequently  removed  from  the  bene- 
ficial contact  of  water.  I  feel  sure  that  those  who  have  never  experi- 
mented with  unimmersed  sand-and-cement  briquettes  (and  by  this  term 
I  mean  briquettes  kept  entirely  away  from  water  after  gauging,  and  not 
covered  with  a  wet  cloth)  would  be  surprised  if  they  would  leave  a  few 
"  one  to  three  "  briquettes  standing  in  the  cement  room  for  two  or 
three  months,  with  no  wetting  but  what  they  got  in  the  gauging, 
breaking  them  at  usual  intervals,  and  noting  the  results.  Especially 
would  they  be  admonished  thereby  to  keep  all  air  exposed  concrete 
thoroughly  wet  by  sprinkling  after  being  placed,  for  a  period  of  time 
that  I  will  not  further  designate  than  by  saying,  the  longer  the 
better,  particularly  in  hot  weather. 

If  the  boiling  process  is  to  be  the  coming  test,  it  will  be  in  order 
to  produce  a  handy  practical  apparatus  for  applying  the  same.  It  will 
probably  be  found  that  this  test  will  not  wholly  supplant  all  others, 
but  that,   in  carefully  conducted  experiments,  the  testing  machine, 
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cold  pat,  chemical  analysis,  and  boiling  will  all  come  into  play. 
Indeed,  I  do  not  understand  Captain  Maclay  as  claiming  for  this  test 
more  than  that  it  should  be  added  to  those  already  in  use. 

As  it  is  to  be  hoped  that  this  discussion  will  not  be  strictly  limited 
by  the  title  of  the  paper,  but  will  elicit  the  views  of  members  upon 
the  whole  question  of  cement  testing,  I  will  mention  a  test  without 
which  I  think  no  examination  of  cement  is  complete.  I  mean  that 
for  second  set  of  mortar.  Thus,  mix  a  lot  of  cement  and  sand  in  given 
volumes,  say,  ten  fluid  ounces  of  cement  and  thirty  ounces  of  sand, 
wet  and  temper  the  mass  as  if  for  moulding,  only  instead  of  putting 
directly  into  the  moulds,  let  it  remain,  if  Portland,  from  three  to  six 
hours  on  the  slab.  By  this  time,  unless  it  was  mixed  very  wet,  it  will 
be  quite  dry.  Add  more  water,  if  necessary,  retemj^er  and  mould. 
Give  the  usual  twenty-four  hour  air  exposure,  immerse,  reserving  a  few 
briquettes  for  all-in-air  test,  and  break  as  usual. 

In  testing  a  new  cement,  it  is  always  well  to  parallel  the  tests  with 
similar  ones  made  with  a  standard  brand,  letting  the  treatment,  step 
by  step,  be  as  nearly  identical  in  the  two  cases  as  possible. 

S.  Bent  Eusskll,  M.  Am.  Soc.  C.  E.— It  will  generally  be  admitted, 
no  doubt,  that  constancy  of  volume  is  a  good  thing  in  Portland  cement. 
It  seems  fair  to  say  also  that  any  method  of  treatment  which  develops 
the  tendencies  to  swell  is  a  proper  test  of  a  cement,  for  the  cement 
which  swells  the  least  under  such  treatment  is  entitled  to  the  most 
credit.  The  best  method  for  such  purpose  would  be  the  one  which 
dei^arts  the  least  from  the  treatment  which  the  cement  will  receive  in 
the  work  for  which  it  is  intended. 

I  have  recently  completed  a  set  of  experiments,  the  results  of  which 
will  be  interesting  in  connection  with  Mr.  Maclay's  paper.  These 
results  are  shown  in  the  table  on  the  next  page. 

Brand  No.  3  is  a  slag  cement,  brand  No.  8  is  an  American  Portland, 
and  the  others  are  German  Portlands. 

All  mixing  was  done  on  the  "jig,"  a  mechanical  mixer  which  has 
recently  been  described  and  illustrated  in  our  Transactions.  The  term 
"pressed,"  as  used  in  the  table,  indicates  that  the  briquettes  were  put 
in  the  mould  and  compacted  by  a  machine  devised  by  the  writer  for 
the  St.  Louis  Water  Works  Extension. 

Briquettes  Ai  and  A^  were  made  by  pouring  dry  cement  in  the  barrel 
of  the  press  and  adding  the  right  amount  of  water.  The  mould  was 
then  set  on  top  of  the  barrel  and  covered  by  a  stop  plate.  By  moving 
a  lever  a  plunger  was  then  pushed  up  from  the  bottom  of  the  barrel,  lift- 
ing the  cement  and  thus  filling  the  mould  and  compacting  the  material 
at  one  operation. 

Briquettes  B,  and  B^  were  made  by  dropping  into  the  barrel  of  the 
"press,"  the  ball  of  mixed  cement  as  it  comes  from  the  jig.  A  mould 
of  the  American  Society  of  Civil  Engineers'  jDattern  was  then  laid  over 
the  barrel  and  covered  with  the  stop  plate,  and  a  stroke  of  the  plunger 
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filled  the  mould.  The  stop  jDlate  was  then  removed  and  the  mould 
lifted  by  a  further  movement  of  the  plunger  so  that  it  could  be  taken 
off,  inverted  on  an  impervious  table  and  striick  with  a  palette  knife. 
This  completed  the  briquette.  This  is  the  regular  method  of  making 
briquettes  now  used  in  our  laboratory.  The  cement  is  quite  plastic 
when  put  in  the  press,  so  that  a  small  amount  of  water  flows  out  of  the 
joints  as  the  greatest  i^ressure  is  applied. 

Briquettes  C^  and  C^  were  put  in  the  mould  by  hand,  as  in  the  usual 
practice. 

Ten  briquettes  of  each  kind  were  made  for  each  brand.  Five  of 
these  were  at  once  immersed  in  water,  mould  and  all.  The  other  five 
were  kept  in  air  for  twenty-four  hours  and  then  immersed.  All  were 
broken  when  seven  days  old.  Of  the  briquettes  which  were  immersed 
before  setting,  it  was  noticed  that  a  majority  swelled  within  a  few 
hours.  All  of  them  which  had  been  made  without  mixing  by  the 
method  first  described  were  badly  swelled  and  some  had  gone  to 
pieces.  Briquettes  mixed  and  pressed  as  by  the  second-described 
method  of  five  of  the  brands  were  swelled,  while  three  of  the  brands 
showed  no  change  of  volume.  Briquettes  mixed  and  put  in  the  mould 
by  hand  were  not  distorted  by  immersion  before  setting  except  in  the 
case  of  No.  8,  which  was  the  American  Portland. 

Results  almost  jjarallel  were  found  on  breaking  the  briquettes. 
As  shown  in  the  table,  the  loss  of  strengih  due  to  immersion  before 
setting  was  great  with  all  brands  when  moulded  without  mixing.  When 
mixed  and  pressed,  some  brands  showed  no  loss  of  strength,  while 
others  were  decidedly  weakened.  The  American  Portland  was  the 
only  brand  showing  much  loss  of  strength  when  moulded  by  hand. 
After  making  the  tests  shown  in  the  table,  a  sample  of  No.  8  brand 
was  air-slacked  for  one  week  to  see  if  that  would  improve  it.  The 
results  showed  a  decided  loss  of  strength  due  to  the  exposure  to  the 
air,  while  the  change  of  volume  seemed  as  great  as  ever. 

I  should  like  to  hear  from  Mr.  Maclay  if  he  has  tried  air-slacking 
with  the  brands  used  in  his  experiments,  and  with  what  effect. 

That  the  first  two  tests  are  severe  is  shown  by  the  fact  that  brands 
Nos.  1,  4  and  7  are  of  the  highest  reputation  in  this  jjart  of  the 
country.  Columns  12,  13  and  14  show  some  tests  made  of  the  same 
brands,  but  not  from  the  same  barrels.  These  tests  were  made  with 
briquettes  made  over  a  year  prior  to  the  ones  recorded  in  columns 
2-11.  They  are  added  to  give  the  reader  an  idea  of  the  comjiarative 
value  of  the  cements.  It  would  seem  evident  from  these  tests  that 
the  swelling  of  a  briquette  depends  partly  on  the  character  of  the 
cement  and  jsartly  upon  the  mixing  and  moulding. 

W.  W.  MACiiAY,  M.  Am.  Soc.  C.  E.— Mr.  Lesley's  discussion  of  the 
paper  seems  to  the  writer  very  objectionable  on  account  of  its  many 
inaccurate  statements  and  quotations  respecting  scientific  and  pro- 
fessional matters.     • 
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Mr.  Lesley  begins  liis  paper  by  stating,  in  a  general  way,  the  desira- 
bility of  having  the  cement  manufacturer  take  part  in  the  cement 
discussions  with  engineers.  Where  the  manufacturer  is  a  skilled  scien- 
tific expert  in  his  own  line,  and  a  man  of  liberal  ideas  and  education, 
such  co-operation  as  Mr.  Lesley  suggests  might  be  permitted.  Even 
then  the  financial  interests  of  the  manufacturer  will  often  conflict  with 
the  impartial  efi'ort  of  the  engineer  to  advance  the  quality  of  the  pro- 
duct and  to  improve  the  method  of  testing  in  order  to  sharply  separate 
the  good  from  the  bad. 

Mr.  Lesley  says  there  is  nothing  stated  nor  explained  in  the  j^aper 
in  regard  to  results  for  longer  periods  than  seven  and  twenty-eight 
days.  No  explanation  was  deemed  necessary  on  this  point  because 
seven  days  for  the  hot  tests  and  twenty-eight  days  for  the  cold  tests 
were  considered  convenient  periods  and  sufficiently  long  for  comparing 
the  two  systems  and  for  showing  their  marked  divergence  m  case  of 
bad  cements.  To  make  the  hot  or  cold  tests  for  any  longer  periods 
would  practically  prevent  their  use  in  general  jsractice,  without  adding 
very  much  to  our  information  on  the  subject  of  how  soon  mortars  made 
from  bad  cements,  will  fail  in  the  work.  This  knowledge  cannot  be 
expected  absolutely  from  any  system  of  testing,  within  reasonable 
periods,  or,  as  one  author  tersely  expressed  it,  "  There  is  at  present 
only  one  way  of  determining  Avhether  the  judgment  passed  on  a  cement 
by  any  system  of  testing  is  sound,  and  that  consists  in  waiting  half  a 
century  to  see  how  the  Avork  stands." 

Sometimes  this  proof  is  forthcoming  at  an  earlier  period ;  for  examjjle, 
a  few  months  ago  the  chief  engineer  of  one  of  our  most  important  public 
works,  where  they  had  been  using  large  quantities  of  American  Natural 
Portland  cement,  consulted  the  writer  in  regard  to  certain  failures  that 
had  been  observed  in  the  briquettes  made  of  this  Natural  Portland 
cement,  both  neat  and  gauged  with  sand,  that  had  been  kept  in  the 
laboratory  for  several  months.  This  cement  had  passed  the  standard 
cold  pat  test,  without  showing  any  change  of  volume,  and  yet  the  bri- 
quettes after  several  months  immersion  in  cold  water  began  to  swell  and 
crack.  In  the  work  in  which  the  cement  was  used,  the  writer  was  in- 
formed that  no  failure  had  been  observed  (possibly,  however,  this  was 
due  to  imperfect  examination)  for  as  the  sand  briquettes  cracked  as 
well  as  the  neat,  one  would  have  a  right  to  expect  failures,  similar  to 
those  shown  by  the  sand  bi-iquettes  in  the  laboratory,  to  appear  promptly 
in  the  work.  That  this  work  will  ultimately  show  some  failure,  I  think 
no  one  can  reasonably  doubt.  The  writer,  therefore,  advised  its  engi- 
neer to  use  the  boiling  test,  which  showed  at  once  that  the  cement  was 
unsound,  and  indicated,  by  the  hot  pats  and  briquettes  cracking  and 
swelling,  the  presence  of  free  lime  in  large  quantities,  thus  showing 
clearly  in  a  few  hours,  defects  of  the  cement  that  had  become  apparent 
only  after  several  months  observation  of  the  cold  tests,  and  completely 
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sustaining  the  theory  advanced  in  this  paper  of  the  superioritv  of  the 
hot  tests  to  quickly  separate  good  from  bad  cement.  Here  was  a  case 
■where  theory  and  jjractice  agreed;  theory  told  us,  as  Portland  cement 
engineers  and  manufacturers  know,  the  great  difficulty  in  making 
Natural  Portland  cements  which  do  not  contain  a  large  excess  of  free 
lime,  and  the  great  difficulty  of  making  them  uniform  and  reliable 
like  Ai-tificial  Portland  cements  of  the  best  quality.  The  practical 
boiling  tests  sustained  this  theory  by  sho^wing  in  a  few  hours  in  the 
case  of  a  poor  Natural  Portland,  the  failures  that  might  be  exjiected  to 
take  place  in  the  mortar  made  from  it,  even  when  it  took  several  months, 
or  longer  periods,  for  these  failures  to  appear  by  the  cold  test  or  in  the 
work.  In  tests  by  the  cold  method  of  large  quantities  of  cement  used 
at  Havre,  extending  over  eighteen  years  (1871  to  1889),  the  cements 
which  turned  out  least  well  after  long  periods,  satisfied  the  cold  test, 
during  delivery,  quite  as  well  as  those  which  endured  the  best. 

Having  alluded  to  the  difficulties  of  proving,  by  the  results  in  the 
work,  that  the  cements  rejected  by  the  writer's  system  of  hot  tests  are 
generally  bad,  and  that  cements  passing  these  tests  are  generally  good, 
he  has  endeavored  to  obtain  this  proof  in  another  way  as  stated  in  the 
paj^er,  that  is,  by  analogy ;  and  it  has  been  proved  repeatedly  by  the  writer 
to  his  entire  satisfaction  by  experimenting  on  all  the  brands  of  Portland 
cement  in  this  market,  that  the  old-established  brands  of  deservedly 
high  reputation  almost  invariably  pass  this  test,  and  that  new  brands 
of  little  rejiutation,  and  cheap  on  account  of  their  being  untried,  are 
the  cements  that  generally  fail.  Cements  coming  from  factories  located 
where  the  raw  materials  are  of  poor  quality  and  not  homogeneous,  are, 
as  would  be  expected,  almost  invariably  rejected,  for  no  amount  of  care 
in  the  process  of  manufactiare  can  comijensate  for  poor  raw  materials. 

Mr.  Lesley  in  quoting  from  page  129  of  E.  Candlot's  book,  quite 
alters  M.  Candlot's  words,  at  the  end  of  his  quotation.  Mr.  Lesley 
finishes  this  quotation  as  follows:  "  The  use  of  Portland  cement,  which 
is  much  larger  in  Germany  than  in  France,  has  never  given  rise  to  dis- 
asters." M.  Candlot's  real  words  are:  "  *  *  *  the  use  of  Portland 
cement,  which  is  made  upon  a  much  larger  scale  in  Germany  than  in 
France,  has  never  given  rise  to  disajjpointment.  The  only  disasters 
that  have  been  reported,  have  been  produced  by  magnesian  cements." 
Again,  Mr.  Lesley  says  in  a  paragraph  intended  to  be  humorous: 
"While  M.  Candlot  seems  to  be  "WTilling  to  agree  with  any  and  every- 
body as  to  temperatures,  but  expresses,  as  does  M.  Le  Chatelier 
[Bulletin  de  la  Societe  D' Encouragumtni,  etc.,  August,  1890)  very  gi'eat 
doubt  as  to  the  utilization  of  this  test  at  all  among  engineers  and 
consumers,  but  relegates  it  with  M.  Le  Chatelier  to  the  manufacturer 
as  something  very  interesting  for  him  to  amuse  himself  with,"  etc. 
Now,  nothing  can  be  farther  from  the  sense  of  the  writings  of  MM. 
Candlot  and  Le  Chatelier,  than  the  views  attributed  to  them  bv  Mr. 
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Lesley.  In  the  closing  pages  of  the  writer's  paper  can  be  found  the 
opinions  of  M.  Le  Chatelier  on  the  hot  test,  and  the  following  trans- 
lation of  the  part  of  page  149  referring  to  the  subject  in  M.  Candlot's 
book  certainly  does  not  justify  the  language  used  by  Mr.  Lesley  in  this 
connection.     M.  Candlot  says: 

"After  all,  it  seems  tons  that  the  hot  tests  would  give  useful  infor- 
mation, on  condition  of  not  adhering  solely  to  the  test  of  pure  cement, 
immersed  in  boiling  water.  If  the  cement  resists  well  this  test,  its  con- 
stancy of  volume  is  certain,  but  if  it  presents  traces  of  swelling  we 
should  ascertain  by  tests  of  mortar  1  to  3  immersed  in  water,  at  80 
degrees  (Centigrade),  if  the  cement  really  contains  uncombined  lime 
or  if  it  is  only  a  matter  of  a  cement,  imperfectly  burnt,  but  presenting 
a  proper  composition  and  homogeneousness."  This  is  exactly  what 
the  writer's  paper  recommends,  and  it  seems  strange  that  such  plain 
language  can  be  changed  into  the  meaning  given  to  it  by  Mr.  Lesley. 

Mr.  Lesley  is  entirely  mistaken  in  his  remarks,  that  no  one,  in  con- 
nection with  the  boiling  test,  has  considered  the  effect  of  tine  grinding, 
and  the  amount  of  water  that  should  be  mixed  with  the  cement,  in 
order  to  make  the  pats.     If  he  will  look  at  Table  No.  1  in  the  paper  he 
will  find  the  fineness  given  for  each  of  the  twenty-three  boiling  tests, 
and  he  will  also  find  that  the  finest  ground  cements  do  not  fail  on  the 
boiling  tests  any  more  than  the  coarse.     He  will  also  find  in  the  j)aper 
that  it  is  stated  that  both  the  pats  and  briquettes  for  boiling  are  made 
of  the  same  consistency,  as  the  briquettes  for  tensile  strength  by  the 
cold  method,  that  is,  all  cements  have  sufficient  water  added  to  them, 
to  make  a  stifi"  plastic  mortar  or  paste.     The  object  in  all  tests  referred 
to  in  the  paper  was  to  gauge  the  cements,  both  pure  and  with  sand,  for 
the  boiling  test,  exactly  the  same  as  for  the  cold  test,  and  as  the  latter 
was  never  made  with  too  little  water,  neither  did  the  boiling  test  ever 
suffer,  in  that  respect.     Mr.  Lesley's  quotation  from  the  paper  read  by 
Rudolph  Dyckerhoflf,  is  unfortunate,  for,  in  the  paper  referred  to,  Mr. 
Dyckerhoflf  in  speaking  of  the  tendency  of  the  pats  of  finely  ground 
cement  to  shrink,  alluded  to  their  behavior  upon  exposing  them  in  the 
open  air   after  their  removal  from  the  water  in  which  they  had  first 
set.     This   condition,   exposure  in  the  air,   is  of  course  favorable  to 
shrinkage,   both  for   coarse    and  fine  cements,  and  has  not  a  single 
jmrallel  with  the  boiling  test,  where  the  cement  is  first  gauged  with  a 
full  amount  of  water,  is  then  allowed  to  set  in  a  moist  atmosphere, 
then  kept  three  hours  in  steam,  then  immersed  in  nearly  boiling  water 
until  the  end  of  the  experiment,  and  never  for  a  moment,  purposely, 
are  the  pats  or  briquettes  allowed  to  become  the  least  dry.     This  is  a 
most  important  point  and  will  be  alluded  to  in  another  connection. 
Mr.  Lesley  gives  a  long  quotation  from  the  proceedings  of  the  German 
Manufacturers'  Association,  held  in  1891,  where  it  was  unanimously 
resolved  "to  adhere  to  the  normal  test  for  Portland  cement."     The 
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weight  of  this  unanimous  action  of  the  manufacturers  in  causing  engi- 
neers to  abandon  the  boiling  test  may  be  somewhat  lessened  when  we 
learn  that  at  the  same  meeting  one  of  their  members  stated  that  "in 
Russia,  a  short  time  since,  a  specially  appointed  commission,  on  the 
adoi^tion  of  Portland  cement  for  harbor  works,  recognized  3  per  cent, 
of  magnesia  as  permissible.     But,  then,  several  Russian  factories  made 
up  to  this  time  a  Portland  cement  with  over  3  per  cent,  of  magnesia, 
so  for  another  year  5  per  cent,  is  permitted  (by  the  Russian  standard) 
to  alloAv  these  factories  time  for  a  gradual  transition  to  cement  with 
3  per  cent,  magnesia."     Might  not  the  same  reasons  have  induced  the 
German  manufacturers  to  vote  against  changing  the  normal  test,  becatise 
some  of  the  factories  could  not  make  cement  to  pass  more  rigid  requii'e- 
ments.     Another  point  in  regard  to  this  resolution  requires  some  ex- 
planation.    It  is  that,  while  adhering  to  the  normal  test,  they  say  that 
the  accelerated  tests  may  be  useful  to  the  manufacturer.     Now,  this 
is  really  a  step   in   advance  of  the  boiling    test,  because   the   accel- 
erated tests  referred  to  in  the  "Proceedings  "  consisted  of  several  dis- 
tinct hot  tests  ;    namely,   the    red-heat  test,  the  kiln  test,  the   high- 
l^ressure  steam  test,  and  the  boiling  test.     Of  these,  the  boiling  test,  as 
described  by  the  writer,  is  very  mild  as  compared  with  the  red-heat 
test  and  the  kiln  test,   both  of  which  were  used  in  the  experiments 
quoted  by  Mr.  Lesley  from  the  proceedings  of  the  German  manufac- 
turers in  this  connection,  and,  therefore,  the  said  experiments  have  no 
relation  whatever  to  the  paper  of  the  writer.     For  how  could  any  one 
tell,  after  exjjosing  the  samj^les  to  the  dry  red-heat  test  or  the  dry  kiln 
test,  what  effect  the  boiling  test  would  have  on  them  ?     If  there  is  any 
one  fact  known  about  the  setting  of  Portland  cement,  it  is  the  necessity 
of  giving  it  the  full  amount  of  water  required  for  the  chemical  action  to 
take  place  in  its  first  hardening.     To  dej^rive  the  cement  of  water  at 
this  period  is,  of  course,  fatal  to  its  cohesion,  and  yet  this  is  precisely 
what  is  done  in  the  red-heat   test    and   the   kiln  test,  both  of  which 
constituted  the  so-called  acceleration  tests  which  are  quoted  with  so 
much  emphasis  by  Mr.  Lesley.     In  this  qiiotation  he  has  siibstituted 
the   word    "hot"    instead   of  "kiln"  in   the   following   lines:     "It 
has  occurred  that  cakes  of  a  cement  which  had  not  endured  the  hot 
(this  should  be  kiln)  test,  have  been  preserved  safe  and  sound  up  to 
date,   over  three  years."     This  substitution,  inasmuch  as  the  writer's 
paper  is  entitled  "  Hot  Tests  for  Portland  Cement,"  conveys  the  idea 
that  the  same  tests  are  referred  to  ;  whereas,  they  have  nothing  in  com- 
mon.    In  the  closing  j^art  of  this  discussion  of  the  accelerated  tests  by 
the  German  manufacturers,  the  following  remarks  were  made  by  Dr. 
Erdmenger,  which  Mr.  Lesley  avoided  quoting,  and  which  exactly  ex- 
press the  writer's  views  on  the  subject  ;   the  high-pressure  steam  test, 
as  practiced  by  Dr.  Erdmenger,  closely  resembles  part  of  the  boiling  test 
described  in  the  paj^er,  except  that  the  high-pressure  steam  test  is  much 
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more  severe,  any  cement  passing  the  high-pressure  steam  test,  there- 
fore, will  surely  pass  the  boiling  test.  Dr.  Erdmenger  says,  "I  wish 
to  dispute  Dr.  Schuman,  who  pretends  that  somewhere  I  have  said  that 
a  really  perfect  cement  also  might  become  defective  by  boiling.  This 
is  not  the  case.  I  know  most  of  the  brands  represented  here.  I  shall 
not  mention  in  the  meeting  the  names  of  the  brands  that  have  stood  the 
high-j^ressure  steam  test  ;  but  I  could  name  a  whole  list  of  the  brands 
represented  here,  which  have  stood  the  high-pressure  steam  test  in  the 
sand  test  up  to  forty  atmospheres,  and  several  brands  which  have  stood 
this  high  pressure  in  the  neat  test.  Therefore,  j)erfectly  faultless 
cements  do  not  show  any  weakness  from  .the  boiling  tests.  Moreover, 
some  cements  that  stand  the  sand  tests  show  some  derangement  when 
tested  neat,  although  the  swelling  tendency  is  not  sufficiently  pro- 
nounced to  say  that  they  are  bad  in  ordinary  practice.  However,  these 
cements  are  of  the  second  rank.  The  genuinely  excellent  first  class 
brands  will  not  show  any  defect.  Therefore,  perfect  and  excellent 
cements  will  not  be  boiled  to  pieces  by  the  high-pressure  steam  test. 
Cements  which  in  the  sand  tests  cannot  endure  a  boiling  of  about  twelve 
atmospheres,  ought  to  be  rigorously  designated  as  of  faulty  make." 

Mr.  Lesley  is  again  unfortunate  in  the  report  which  he  quotes  of 
Professor  De  Smedt,  as  it  is  fairly  bristling  with  errors  for  so  short  a 
paper.  Mr.  De  Smedt  says  that  "  Several  well-known  methods  of  de- 
termining free  caustic  lime  (CaO)  in  hydraulic  cement,  are  already  at 
our  disijosal,  whereby  the  safety  or  unsafety  of  a  cement  can  be  pro- 
nounced without  any  difficulty,"  etc.  Besides,  the  authority  of  Frese- 
nius  (quoted  in  paper),  who  says,  "As  yet  no  method  is  known  by 
which  the  object  here  stated  can  be  accomplished  with  absolute  accu- 
racy," the  following  letters  are  submitted  as  confirming  the  writer's 
view  of  the  question.  These  letters  were  written  last  year  to  a  large 
manufacturer  of  Portland  cement  in  Europe,  and  by  him  were  sent  to 
the  writer. 

From  E.  Candlot  :  "I  am  pleased  to  reply  to  your  letter  of  the  9th 
instant.  There  is  in  fact  no  method  for  finding  the  percentage  of  free 
lime  in  the  cement  (referring  to  Portland)."  *  *  *  *  From  Dr. 
Schuman  :  "In  reply  to  your  favor  of  the  6th  instant,  I  beg  to  inform 
you  that  I  do  not  know  a  method  for  finding  out  the  percentage  of  free 
lime  in  Portland  cement.  I  do  not  think  there  exists  such  a  method, 
and  I  am  myself  of  the  opinion  that  chemists  will  never  find  out  one  ; 
the  solutions  capable  of  taking  away  the  free  lime  from  the  cement  will 
always  work  in  a  more  or  less  strong  degree  on  the  cement  itself." 

Und  er  these  circumstances,  if  Professor  De  Smedt  really  has  a  reli- 
able method  for  determining  the  free  lime,  he  should  publish  it  for  the 
benefit  of  experimenters  Avho  are  looking  for  one.  Professor  De  Smedt 
was  unfortunate  in  getting  natural  cements  to  pass  the  boiling  tests. 
Many  natural  cements  contain  a  great  deal  of  uncombined  lime,  and, 
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therefore,  -will  not  pass  the  boiling  tests;  but  the  writer's  experience  is 
that  the  better  gi-acle  of  Eosendale  cements  invariably  pass  this  test. 

Mr.  De  Smedt  infers  that  his  twelve  samples  of  Portland  cement 
should  be  adjudged  bad  by  the  boiling  test,  because  the  jjats 
left  the  glass.  It  is  distinctly  stated  in  the  paper  that  this  require- 
ment (adhering  to  the  glass)  is  not  insisted  upon  although  it  is  generally 
found  with  perfectly  faultless  cements.  It  was  not  the  intention  of  the 
writer  to  discuss  in  his  paper  the  different  theories  of  the  setting  of 
Portland  cement,  which  is  a  strictly  chemical  question,  about  which 
opinions  widely  diflfer  and  which  has  really  very  little  to  do  with  the 
boiling  test.  Prof.  De  Smedt's  assertion  that  ' '  pure  aluminate  of 
lime,  heated  to  200  degrees  Fahr.,  bursts  and  dissolves  into  a  jiowder, 
while  setting,"  if  it  is  proved,  shows  that  the  aluminate  of  lime  must 
be  present  in  some  other  condition,  in  a  perfect  Portland  cement,  which 
can  be  heated  to  200  degrees  Fahr.  -n-ithout  bursting  or  changing  its 
form  anyway.  The  best  French  cement  chemists,  particularly  Bonami, 
consider  the  aluminate  of  lime  when  it  is  jjresent  in  a  very  basic  condi- 
tion as  a  direct  source  of  expansion,  exactly  as  much  as  free  lime,  and 
that  in  a  perfect  Portland  cement  we  should  have  the  doiible  salt,  sili- 
cate of  alumina  and  lime,  which  is  more  stable  than  the  aluminates. 

In  relation  to  Mr.  Leslet's  suggestion  that  as  slag  cements  pass  the 
boiling  test,  and  his  own  cxi^erience  shows  failures  with  the  slag  cements, 
therefore  the  boiling  test  is  unreliable,  the  writer  can  only  say  that  his 
experience  with  slag  and  pozzuolanic  cements  extends  over  a  period 
of  eight  years,  and  that  he  has  never  had  any  slag  briquettes  swell  or 
disintegrate;  on  the  contrary,  they  have  been  exactly  as  stable  as  good 
Portland  cement,  and  the  sand  mixtures  have  been  much  stronger. 
The  following  experience  of  Mr.  M.  L.  Holman,  in  relation  to  the  be- 
havior of  slag  comments,  confirms  that  of  the  writer. 

Mr.  Holman  says:  "In  my  exjjerience  with  slag  cements  I  have 
never  run  across  any  that  swelled,  either  wet  or  dry.  We  have  some 
work  in  this  city  (St.  Louis)  made  of  slag  cement,  which  is  now  about 
five  years  old  and  thus  far  no  sign  of  swelling  has  appeared.  This  work 
is  in  sidewalks  exposed  to  the  weather.  I  have  on  hand  briquettes 
about  three  years  old  that  have  been  kept  in  aii*  and  they  are  yet  sound. 
These  are  both  neat  and  with  sand  (3  to  1).  We  also  have  a  consider- 
able amount  of  concrete  work,  brick  and  stone  masonry  with  slag 
cement,  both  wet  and  dry,  some  now  four  years  old  that  show  no  sign 
of  failure."  Mr.  Lesley's  argument  that  the  failure  of  cements  by  the 
boiling  tests  may  be  due  to  the  aluminate  of  lime  acting  like  quicklime 
is  not  the  theory  entertained  by  the  best  cement  chemists,  although, 
as  the  writer  previously  stated,  aluminate  of  lime  in  a  very  basic  con- 
dition will  act  like  quicklime ;  but  then  it  should  not  be  present  in  this 
condition  in  properly  made  cements,  and  the  boiling  test  is  therefore 
very  useful  in  pointing  otit  this  fact. 
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Mr.  Lesley's  treatment  of  the  function  that  aluminate  of  lime  plays 
in  the  setting  of  Portland  cement  is  greatly  exaggerated,  but  not  so 
much  as  his  vision  of  the  future  field  to  be  occupied  by  aluminate  of 
lime  cements  where  their  growth  would  be  much  retarded  by  the  intro- 
duction of  the  boiling  test.  He  says  no  Portland  cement  of  this  kind 
(aluminate  of  lime  cements)  are  made  in  this  country — a  very  safe  re- 
mark, for  no  Portland  cements  of  that  kind  are  made  in  any  country, 
nor  will  they  ever  be  made,  because  of  the  very  nature  of  Port- 
land and  other  high-class  hydraulic  cements  capable  of  resisting  the 
action  of  sea  water,  in  which  the  essential  constituents  are  lime  and 
silica,  and  the  incidentals,  alumina,  iron,  etc.  In  the  Proceedings  of  the 
Institution  of  Civil  Engineers,  Vol.  CVII,  there  appears  a  most  inter- 
esting paper  by  Dr.  W.  Michaelis,  on  "The  Behavior  of  Poi-tland 
Cement  in  Sea  Water,"  in  Avhich  it  is  very  clearly  stated  that  cements 
and  hydraulic  limes,  rich  in  silica  and  as  poor  as  possible  in  alumina 
and  ferric  oxide,  are  to  be  preferred  for  sea  construction  ;  because  "the 
aluminate  and  ferrate  of  lime  are  not  only  decomposed  and  softened 
rajaidly  by  sea  water,  but  they  also  give  rise  to  the  formation  of  double 
comj^oiTnds  which,  in  their  turn,  destroy  the  cohesion  of  the  mass  by 
l^roducing  cracks,  fissures  and  bulges."  Cements  of  this  kind  crack  or 
swell  at  once  in  the  boiling  test,  thereby  giving  immediate  notice  of 
failures  which  will  take  place  ultimately  in  any  sea  work,  where  the 
cement  may  be  used.  Opposed  to  Mr.  Lesley's  diatribe  against  slag 
cements,  and  his  preference  for  the  mythical  aluminate  of  lime  cements, 
is  the  well-known  fact  mentioned  by  the  writer  in  some  of  his  other 
Ijapers,  and  also  by  Michaelis  ;  that,  while  in  the  Mediterranean,  works 
built  of  hydraulic  limes  and  pozzuolana  rich  in  silica,  have  remained 
unafl'ected  by  the  salt  water,  the  hydraulic  lime  works  for  over  one 
hundred  years  and  the  pozzuolana  for  about  two  thousand  years,  nearly 
all  of  the  Portland  cement  constructions  in  that  sea  have  been  destroyed 
within  a  comparatively  short  period,  because  the  Portland  cement  con- 
tained an  amount  of  soluble  aluminate  of  lime,  large  in  comparison  with 
that  in  the  hydraulic  limes  and  pozzuolana.  Noav,  the  slag  cements  are 
not  only  identical  with  the  pozzuolanic  in  chemical  composition,  but 
the  method  of  combining  the  slacked  lime  with  the  silica  is  the  same 
in  both,  only  the  silica  compounds  in  the  slag  are  artificially  made  and 
in  the  i^ozzuolanic  they  are  natural.  The  slag  cements  therefore,  while 
they  more  closely  resemble  in  chemical  and  physical  composition  the 
the  old  Koman  cements  of  the  Augustan  era  than  do  the  Portland 
cements,  are  very  cheaply  made  and  will  always  be  formidable  rivals 
of  the  latter  and  be  roundly  abused  by  the  Portland  cement  manufac- 
turers. 

Mr.  Lesley  mentions  the  French  cement  of  Vassy  as  an  ilhistration 
of  the  aluminate  of  lime  tyi^e  referred  to.  Now,  the  cement  from  the 
Yassy  district  is  what  we  call  a  quick-setting  natural  cement,  contain- 
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ing  about  23  per  cent,  of  silica,  52  per  cent,  of  lime,  and  about  9  per 
cent,  of  alumina,  and  considering  this  chemical  composition  it  is  diffi- 
cult to  understand  how  it  can  be  classed  as  an  aluminate  of  lime 
cement.  Mr.  Lesley  refers  to  Mr.  Faija  as  having  originated  the 
steam  and  boiling  test  described  in  the  paper ;  now,  no  one  is 
more  willing  than  the  writer  to  give  Mr.  Faija  his  full  share  of 
credit  for  all  the  good  work  he  has  done  for  Portland  cement,  but  in 
the  tests  for  determining  change  of  volume  he  has  simply  been  a  worker 
in  the  same  field  with  many  others,  among  whom  may  be  mentioned 
Michaelis,  Tetmajer,  Chatelier,  Deval,  Candlot,  etc. ;  and,  as  a  matter 
of  fact,  the  writer  used  the  steaming  process  to  determine  free  lime 
before  reading  Mr.  Faija's  first  paper  describing  his  own  process  ;  and 
the  experiments  described  in  the  -^Titer's  present  jjaper,  as  well  as  the 
paper  itself,  originated  from  reading  the  rej^ort  of  M.  Chatelier  on  the 
experiments  of  M.  Deval.  Mr.  Leslie  calls  Mr.  Faija  the  pioneer  to 
adojit  the  boiling  test,  and  at  the  same  time  refers  to  his,  saying,  "  He 
(Faija)  had  lately  made  hot  water  tests  of  cement,  and  found  that  he 
could  blow  any  cement  to  jiieces  if  it  was  subjected  to  the  specified 
temperature  of  180  degrees  long  enough,  and,  therefore,  boiling  was 
not  indicative  of  bad  or  good  cement."  This  is  a  general  statement 
and  rather  a  strong  one,  coming  from  the  pioneer  to  adopt  the  boiling 
test,  in  refutation  of  which  the  writer  can  only  say  that  he  has  in  his 
laboratory  many  Portland  cements  that  neither  Mr.  Faija  nor  any  one 
else  can  boil  to  pieces  in  seven  days'  boiling.  What  might  be  the  effect 
of  longer  boiling  than  seven  days,  several  months  or  a  year,  for  ex- 
ample, he  does  not  know.  Mr.  Leslie  says  that  the  only  supporters 
of  the  writer's  jiaper  are  two  French  writers,  and  not  a  single  authority 
in  Germany,  England,  Belgium  and  the  United  States.  In  the  two 
latter  countries  there  are  very  few  authorities  on  Portland  cement. 
In  England  Mr.  W.  G.  Margetts,  of  the  West  Kent  Portland  Cement 
Company,  states  that  he  has  used  the  hot  water  tests  for  over  a  year 
with  very  satisfactory  results  in  improving  the  output  of  their  works, 
and  says  :  "It  had  hitherto  been  deemed  a  sufficient  safeguard  in  ad- 
dition to  the  usual  cold  water  tests,  to  analyse  the  cement  with  a  view 
of  ascertaining  the  quantity  of  lime  in  its  composition,  but  his  firm 
had  found  from  long  experience  that  this  idea  was  fallacious."  In 
Germany,  besides  Dr.  Erdmenger,  already  quoted,  the  advocates  of 
hot  tests  are  Dr.  Tetmajer,  of  Zurich;  Dr.  Schott,  etc.,  and,  last  but 
not  least,  Dr.  Michaelis,  whose  ovm  paper,  December  15th,  1891, 
entitled,  "Is  the  ordinary  j^at  on  glass  test  sufficient  evidence  of  the 
blowing  of  Portland  cement?"  contains  the  following  :  "It  is  further 
proved  thereby  that  there  are  better  tests  for  constancy  of  volume 
than  this  '  pat  on  glass  '  or  '  regulation  test,'  and  that  Professor 
Tetmajer  was  entirely  right  when,  in  his  excellent  report  to  the  Sub- 
Committee  No.  12  of  the  Second  Standing  Committee  for  the  Uni- 
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fication  of  the  Standard  Methods  for  testing  Biiilding  Materials,  he 
described  the  boiling  test  for  Portland  cement  as  the  only  test  which 
is  absolutely  trustworthy.  I  had  myself  proved  this,  after  many  years' 
experience,  and  had,  therefore,  given  prominence  to  this  test,  and 
recommended  it,  and  1  have  employed  it  myself  ever  since"  etc.  This 
report  of  Professor  Tetmajer,  so  unqtialifledly  endorsed  by  Professor 
Michaelis,  the  leading  authority  in  the  cement  world,  is  the  one  that 
Mr.  Lesley  assails  in  his  disciission  as  the  freak  of  an  enthusiast. 

The  writer  intended  to  confine  this  paper  to  the  effects  of  the  boil- 
ing test  uj)on  Portland  cement,  but  from  numerous  experiments  he  is 
convinced  it  can  also  be  applied  to  natural  cements  with  much  satis- 
faction. Mr.  Marichal's  remarks  are  very  interesting,  and  the  fact  of  his 
finding  the  boiling  test  would  reject  cements  containing  over  5  per 
cent,  of  magnesia  is  in  accord  with  the  claims  of  the  German  advocates 
of  this  test,  although  the  writer  has  not  made  many  experiments  in  this 
line  himself.  The  question  of  Mr.  ,E.  S.  Gould,  therefore,  "Does  hot 
test  detect  magnesia?  "  the  writer  thinks  can  be  answered  in  the  affirma- 
tive. In  relation  to  Mr.  Gould's  recommendation  to  test  cement 
mortars  by  allowing  them  to  take  a  second  set,  the  writer  cannot  aj)- 
prove  of  it  on  account  of  needlessly  complicating  the  subject  of  test- 
ing as  at  present  practiced.  Mr.  Eussell's  exi>eriments  are  entitled  to 
much  interest,  but  the  writer  does  not  think  that  the  results  to  de- 
termine change  of  volume  are  obtained  in  as  simple  a  manner  or  as 
accurately  as  by  the  hot  tests.  The  writer  has  tried  air-slacking  the 
cements  exposed  to  the  boiling  test,  and  invariably  with  better  results 
than  without  air-slacking;  but  he  does  not  consider  air-slacking  a 
sample  in  the  laboratory  fair  practice,  unless  it  is  intended  to  air-slack 
the  cement  going  into  the  work  for  a  similar  period. 
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A  METHOD  OF  TUNNEL  ALIGNMENT. 


By  H.   F.  DrxHAisi,  M.  Am.  Soc.   C.  £. 
Ee.^  Mat  4,  1892. 


^YITH  DISCUSSIOX. 


While  engineer  in  charge  of  tunnel  work,  difficulties  in  alignment 
were  diminished  by  certain  methods  that  may  be  of  interest,  if  novel  to 
others,  as  they  were  to  the  writer. 

The  alignment  of  a  timbered  timnel  is  established  and  perfected  by 
the  alignment  of  its  wall  plates.  The  method  at  fii'st  employed  was  to 
extend  a  center  line  as  the  work  progressed,  giving  jjoints  upon  the 
floor  of  the  tunnel  or  the  roof  of  the  heading,  and  from  these,  by  the 
use  of  plumb  lines,  measurements  were  made  to  fix  the  lateral  position 
of  the  wall  plates.  The  grade  or  elevation  of  the  jjlates  was  afterward 
fixed  by  a  common  wye  level  or  by  a  transit  provided  with  a  level. 

A  tunnel  even  in  firm  material  is  a  difficult  place  in  which  to  pre- 
serve bench  marks  and  reference  points.  The  floor  of  the  tunnel  for  a 
considerable  distance  back  of  the  bench  is  subject  to  more  or  less  dis- 
tiirbance  from  attention  given  to  track  work  and  the  sorting  and  stor- 
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age  of  material.  The  floor  of  the  heading  is  being  constantly  removed 
as  well  as  encumbered  with  heavy  material  as  the  work  goes  forward. 
The  entire  roof,  including  wall  plates,  is  subject  to  lateral  as  well  as 
downward  movements  caused  by  removal  of  the  bench  and  by  unequal 
loading,  against  which  no  foresight  can  fully  guard,  and  finally  with 
every  eight  or  ten  hour  shift  an  entirely  new  force  of  men,  foremen 
and  insi^ectors  take  up  the  work,  usually  with  little  regard  for  sugges- 
tions and  directions  left  by  the  former  shift.  Under  such  conditions  it 
is  not  strange  that  the  alignment  has  often  to  be  repeated  and  the  eleva- 
tion taken  up  frequently  from  some  datum  mark  on  the  floor  of  the 
tunnel  and  transferred  by  long-rod  or  steel-tape  measurements  to  the 
level  of  the  heading,  and  thence  to  the  wall  i^lates.  This  involves  much 
troublesome  work,  at  all  times  in  close  quarters  where  the  dust  and 
smoke  are  un]pleasant  in  their  efiects  upon  both  men  and  instruments, 
and  sometimes  requiring  a  complete  interruption  of  all  work  in  a  head- 
ing just  when  all  other  conditions  demand  the  immediate  prosecution 
of  that  work. 

With  a  view  to  some  improvement  and  saving  of  time,  a  strong 
platform  supported  upon  8  x  12-inch  timbers  set  about  3  feet  in  the 
rock  was  erected  at  one  side  of  the  open  cut  and  about  50  feet  from  the 
portal  of  the  tunnel.  The  height  and  j^osition  of  the  platform  were 
such  that  a  common  wye  level  when  placed  upon  it  would  be  a  little 
above  and  inside  the  line  of  the  wall  plate  upon  that  side  of  the  tunnel. 
No  attempt  was  made  to  fix  the  instrument  in  any  exact  position,  but 
small  holes  were  made  in  the  timbers  and  protected  from  wear  by 
washers  for  the  tripod  jjoints,  and  one  point  was  marked  so  that  the 
instrument  could  be  placed  at  any  time  in  the  same  position  it  had 
before  occupied.  The  distances  from  the  center  line  of  the  tunnel  and 
from  the  grade  plane  to  the  center  of  the  instrument  on  the  platform 
were  then  noted,  and  used  in  fixing  the  position  of  a  jDermanent  target 
back  of  the  portal  across  a  valley  and  about  1  000  feet  away. 

The  distances  already  mentioned  determined  the  relation  of  the  in- 
strument to  the  line  of  wall  plate,  and  a  gauge  board  was  made  of 
convenient  form  to  rest  upon  the  corner  of  the  wall  jjlate  and  to  sup- 
port a  plummet  lamp.  A  larger  board  of  convenient  form  to  span  one- 
half  the  distance  between  the  wall  plates  was  also  provided.  The  i3ai'ts 
of  both  boards  liable  to  wear  were  tijjijed  with  iron. 

The  work  of  alignment  was  thereafter  as  follows: 
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The  instrument  man  placed  the  level  in  position  on  the  platform, 
set  and  clamped  it  upon  the  permanent  target,  reversed  the  level  in  its 
wyes,  and  lined  in  the  plummet  lamj)  in  the  gauge  board  held  upon 
the  wall  plate  by  the  rodman,  who  kept  the  gauge  in  place  at  the  end 
of  the  wall  plate  and  directed  the  workmen  to  fii'st  raise  or  lower  the 
wall  plate;  and  after  that  it  was  moved  laterally  into  position,  i.  e.,  the 
bracket  and  wall  plate  were  moved  together  as  one  piece,  under  the  di- 
rection of  the  rodman  and  according  to  the  signals  of  the  man  at  the 
instrument  outside  the  tunnel.  After  the  wall  plate  upon  one  side 
had  been  seciired  in  position,  the  larger  gauge  board  and  a  spirit  level 
were  used  to  determine  the  position  of  the  plate  on  the  opposite  side. 
Directions  were  given  to  have  the  required  space,  about  2  feet  in 
width  and  2  in  height,  on  the  floor  of  the  heading  and  alongside  the 
wall  plate,  kept  free  of  timber  and  broken  stone  at  all  times.  The  re- 
maining floor  space  was  surrendered  -^-ithout  restrictions,  and  there 
was  little  or  no  further  interrtii^tion  of  the  work  of  excavation  by  the 
work  of  the  engineers. 

The  saving  in  the  time  of  doing  the  instrument  work  increased  as 
the  tunnel  was  extended,  but  a  fair  estimate  would  be  at  least  three- 
fourths;  that  is,  the  work  was  done  in  one-fourth  of  the  time  required 
by  the  old  method.  At  quite  long  intervels  the  center  line  was  run  in 
with  a  transit  as  a  check  upon  the  work  accomi^lished  with  the  level. 
The  small  plummet  lamp  could  be  seen,  through  any  atmosphere  suit- 
able for  men  to  work  in,  at  a  distance  of  more  than  1  000  feet. 

No  trouble  was  experienced  in  the  adjustment  of  the  level  used,  but 
the  telescope  was  reversed  upon  the  permanent  target  after  sighting 
the  lamp.  This  method  was  used  only  in  timbered  tunnels,  but  it 
would  be  of  service  where  masonry  was  required  or  where  the  material 
required  no  support.  Good  results  may  be  anticipated  from  its  use  in 
any  work  from  a  portal.  It  could  not  be  so  easily  adajited  in  tunnel- 
ing from  a  shaft.  With  line  and  gi'ade  established  at  one  point  in  a 
heading,  there  would  be  no  difiiculty  in  transfening  both  quite  ac- 
curately to  any  desired  point  by  the  use  of  one  or  two  light  forms  pro- 
vided with  spirit  levels.  It  could  also  be  done  quickly  with  a  straight- 
edge and  a  level.  The  advantage  to  a  contractor  of  being  able  to  ascer- 
tain at  any  time  the  lines  of  his  work  and  to  avoid  removing  material 
outside  these  lines  is  evident ;  and  while  the  method  here  described  is 
a  step  in  the  right  direction,  there  seems  to  be  an  ojjportunity  for 
further  improvement. 
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An  instrument  was  used  through  which  a  lamp  sent  a  feeble  rav  of 
light  from  the  extreme  end  of  the  heading.  An  instrument  was  wanted 
through  which  a  lamp  should  send  a  small  biit  powerful  beam  of  light 
into  the  extreme  end  of  the  heading.  The  instrument  should  converge 
and  dii-ect  the  light  of  the  lamp.  The  beam  might  contain  rays  not 
absolutely  parallel.  At  a  distance  of  two  or  three  hundred  feet  a  disc 
with  a  small  opening  could  be  set  up  to  intercept  divergent  rays.  This 
and  the  instrument  itself  would  become  permanent  features  during  the 
construction  of  the  tunnel. 

Untried  schemes  and  conjectures  are  oiit  of  place  here.  It  is  the 
writer's  purpose  only  to  express  a  belief  that  such  an  instrument  would 
be  desirable,  and  that  the  use  of  electricity  for  lighting  would  be  an 
important  factor  in  its  construction  and  operation. 


DISCUSSION. 


Egbert  B.  SiAJfTox,  M.  Am.  Soc.  C.  E. — Mr.  Dunham's  paper  is 
certainly  interesting,  as  showing  one  of  the  many  contrivances  by 
which  engineers  get  around  difficulties  not  laid  down  in  the  text 
books. 

In  his  enumeration  of  the  difficialties  of  keeping  the  alignment  in  a 
tunnel  while  setting  the  timber,  on  account  of  the  insecurity  of  the 
material,  there  is  one  that  has  come  under  my  observation  which 
seems  to  be  omitted.  It  occuri'ed  in  the  construction  of  the  Cincinnati 
Southern  Eailway,  where  the  tunnels  were  being  driven  through  the  coal 
slate  of  the  Cumberland  Mountains.  The  roof  was  hardly  ever  secure 
enough  to  hold  a  permanent  center  plug.  Besides  the  roof  falling  in, 
we  had  the  further  difficulty  that  the  bottom  would  not  stay  down. 
The  material  through  which  the  tunnels  were  being  driven  consisted  of 
layers  of  coal  slate  varying  from  3  to  10  inches  in  thickness.  After  the 
full  section  of  the  tunnel  was  taken  out,  the  layers  of  slate  in  the  bot- 
tom, first  one  and  then  another,  would  bulge  up  and  break  into  pieces 
with  a  loud  report  and  with  such  force  that  men  sitting  on  kegs  and 
boxes,  drilling  near  the  breast,  were  thrown  over  on  the  floor,  and  one 
man  was  toppled  over  as  he  was  wheeling  out  a  barrow  of  rock. 
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This  seemed  to  be  caused  by  the  position  of  the  strata  of  slate  in 
the  mountain  on  each  side  of  the  gap  through  which  the  tunnel  was 
driven.  Both  sides  slojjed  down  toward  the  center  and  Avhen  the 
tunnel  section  was  taken  out,  the  jjressure  on  the  sides  caused  the 
bulging  of  the  floor,  and  jjushed  the  sills  and  posts  out  of  line. 

In  such  cases  it  would  be  difficult  to  keep  Mr.  Dunham's  platform 
in  true  j^osition,  but  I  have  no  doubt  he  would  find  some  other  way  of 
meeting  the  difficulty. 

The  careful  alignment  of  tunnel  work  becomes  a  matter  of  vital  im- 
l^ortance,  where  it  is  necessary  to  set  the  timbering  close  up  to  the  head- 
ing as  the  work  proceeds.  There  can  hardly  be  any  rules  laid  down. 
The  engineer  who  is  competent  to  handle  such  work  has,  generally, 
ingenuity  enough  to  get  over  his  difficulties  by  wooing,  or  being  wooed 
by,  that  old  dame  who  is  rej^uted  to  be  the  mother  of  invention. 

For  accommodation  and  convenience  sake  this  alignment  is  gener- 
ally done  on  Sunday.  I  never  was,  however,  a  believer  in  that  new 
version  of  the  fourth  commandment,  prepared  especially  for  engineers 
on  heavy  mountain  construction,  which  is,  "  Six  days  shalt  thou  labor 
and  do  all  thy  work,  and  on  the  seventh  thou  shalt  do  more  work  than 
on  all  the  other  six  together. "  I  am  therefore  thankful  to  say  I  never 
went  a  Sabbath  day's  journey  or  did  a  Sabbath  day's  work  to  satisfy  the 
whim  of  any  contractor.  I  have  adopted  the  plan  of  doing  such  instru- 
mental work  early  Monday  morning,  and  requiring  that  no  blasts  shall 
be  fired  until  it  is  completed,  believing  that  the  engineer  is  as  much 
entitled  to  his  rest  as  the  negroes  and  mules  on  the  grade. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — This  paper  is  interesting  as 
showing  a  method  of  alignment  in  tunnels,  particularly  where  the 
curvature  is  not  great.  Of  course,  the  greatest  difficulties  of  alignment 
occur  in  tunnels  with  the  greatest  curvature,  where  the  instrumental 
work  is  necessarily  carried  from  point  to  point  in  the  tunnel,  and 
much  interfered  with  by  the  work  of  construction. 

I  have  no  doubt  that  all  engineers  experienced  in  subterranean 
work  have  met  the  difficulties  referred  to  in  the  paper  in  securing 
proper  light,  and  I  believe  an  instrument  with  satisfactory  lighting 
has  yet  to  be  devised. 

Mr.  Dunham's  suggestion,  looking  towards  electrical  lighting  in 
tunnel  instruments,  indicates  that  he  has  the  same  feeling  as  myself, 
that  we  should  look  to  electricity  to  solve  this  problem.  The  old- 
fashioned  lamps  are  obsolete,  or  should  be,  on  account  of  inefficiency, 
inconvenience  and  uncleanliness.  Mr.  Dunham's  "wye-level"  method 
for  the  special  case  where  the  instrument  can  be  set  up  out  of  the  line 
of  work,  and  in  the  prolongation  of  the  tangent,  seems  to  have  been 
ingeniously  devised  and  executed. 

Tunnel  alignment  develops,  to  a  great  extent,  the  ingenuity  of  the 
engineer,  and  this  paper  illustrates  an  application  of  this  ingenuity. 
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All  engineers  will  recall  many  experiences  of  absurd  errors  and  defects 
in  tunnel  alignment.  I  recall  one  or  two  instances  in  Peruvian 
practiqe  -which  may  be  of  slight  interest.  In  one  instance  a  set  of 
tunnels  was  under  construction  on  a  development  line,  the  tunnels 
being  so  placed  that  two  of  them  on  the  return  line  occurred  im- 
mediately opiDosite,  and  considerably  above,  a  lower  tunnel  on  the 
advance  line.  The  tunnels  were  so  close  together,  both  as  to  plan  and 
elevation,  that  neither  the  ujjper  nor  lower  could  be  constructed 
without  sei-iously  interfering  with  the  others.  All  the  tunnels  were 
on  curves;  the  engineering  force  was  cripjaled  from  sickness,  etc.,  and 
the  tunnel  work  was  protracted  over  a  long  period,  the  alignment  and 
construction  did  not  receive  much  attention  from  the  engineers,  often 
being  entirely  in  the  hands  of  foremen,  who  were  frequently  changed. 
The  heading  finally  met,  no  one  knew  how.  A  species  of  burrowing 
was  resorted  to;  a  small  drift  being  driven  as  crooked  as  the  prover- 
bial ram's  horn,  the  wonder  being  the  men  did  not  lose  their  way  in 
the  mountains.  "When  the  tunnels  were  completed,  much  of  this 
burrowing  work  was  entirely  outside  of  the  finished  section.  In 
another  instance  an  engineer  ignored  the  original  plan  for  alignment, 
and  produced  the  tangent  in  a  tunnel  already  begun  far  beyond  the 
point  of  curvature  intended,  so  that  a  gi-eat  niche  exists  in  the  tunnel 
to-day,  making  it  at  this  point  twice  the  width  of  the  normal  section. 

We  lay  too  much  stress,  I  think,  on  the  strict  accuracy  of  tunnel 
alignment  during  construction.  Considerable  latitude  is  allowable, 
and  I  have  found  that  instrumental  work  at  long  intervals,  say,  em- 
bracing 30  to  100  feet  of  progress,  will  enable  skillful  workmen  to 
construct  the  tunnel  with  sufficient  accuracy.  In  curved  tunnels  I 
have  often  established  points  on  the  line,  and  given  the  foreman 
tables  of  tangent  and  chord  deflections,  from  which  practice  I  have 
secured  very  good  results.  Great  accuracy  is  necessary  in  locating 
difficult  tunnels  and  for  jjurposes  of  professional  pride  in  determining 
how  nearly  the  headings  finally  meet. 

This  and  all  such  matters,  however,  may  be  left  with  the  experi- 
enced engineer.  New,  ingenious  and  often  instructive  details  Mill,  as 
in  the  paper  before  us,  come  out  with  each  different  problem,  com- 
manding the  application  of  intelligence  and  skill  in  the  execution  of 
the  work  and  eliciting  great  interest  in  their  presentation  to  the 
profession. 

J.  F.  O'EouKKE,  M.  Am.  Soc.  C.  E. — Mr.  Dunham  refers  especially 
to  a  tunnel  driven  from  an  open  portal.  Perhaps  it  might  be  of 
some  interest  to  tell  you  how  the  lines  and  grades  for  the  south  half 
of  the  Haverstraw  tunnel,  which  was  driven  from  a  shaft,  were  given. 
We  found  there  that  after  setting  the  plummet  wires  in  position  and 
then  moving  the  transit  down  below,  the  wires  were  apt  to  move, 
so  that  when  set  in  line  with  them  it  would  be   "off."     Then,  two 
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instruments  were  nsed.  We  had  the  line  exactly  located  on  the 
top;  an  instrument  was  set  up  close  to  the  shaft,  and  the  duty  of 
the  man  there  was  to  keep  a  constant  eye  on  both  wires.  He  found 
that  perhaps  every  five  minutes  there  would  be  some  change  requiring 
readjustment,  small  as  regards  actual  measure,  but  very  perceptible 
when  it  is  remembered  that  the  wires  were  but  12  feet  apart  and  the  line 
through  them  was  produced  800  feet.  The  second  instrument  was 
taken  down  in  the  tunnel  close  to  the  shaft  and  shifted  about  imtil 
exactly  in  line  with  the  two  wires.  Then,  a  point  was  cut  in  the  rock 
at  the  back  of  the  shaft  and  so  arranged  that  a  light  could  be  placed 
on  it,  which  was  used  as  the  back-sight.  The  fore-sight  was  i)ut  as 
far  forward  in  the  tunnel  as  conveniently  possible,  and  cut  in  the  roof; 
under  this  the  instrument  could  be  set  and  the  line  produced  still 
farther  from  the  back-sight  at  the  shaft  as  the  tunnel  i^rogressed.  A 
number  of  repetitions  of  this  operation  just  before  the  headings 
were  joined  gave  scarcely  any  variation,  and  the  lines  finally  met 
with  an  error  of  but  xuirths.  But  the  way  that  we  gave  points  to  the 
men  is  the  princi^Dal  feature  to  which  I  desire  to  call  attention.  In 
addition  to  the  centers  that  were  marked  for  our  own  use,  which  were 
cut  in  as  crosses,  and  their  stations  carefully  determined,  there  were 
also  holes  drilled  into  the  roof,  in  which  were  driven  phigs,  put  in 
from  time  to  time  as  the  heading  ijrogressed,  and  their  relation  to  grade 
was  obtained  with  a  level,  and  the  distances  from  them  to  a  plane  a 
few  feet  below  the  roof  grade  at  the  center,  was  given  to  the  foreman. 

From  these  plugs  he  would  suspend  lanterns  at  the  given  distances 
below  the  plugs,  and  thus  at  any  time  he  could  see  how  the  tunnel  was 
going  both  for  line  and  grade,  and  so  also  could  any  one  else  whose 
business  it  was  to  see  that  the  work  was  being  properly  prosecuted,  and 
in  consequence  at  no  time  was  the  normal  section  exceeded  by  mistake. 
The  north  end,  which  was  driven  from  an  open  portal,  had  500  feet  or 
more  of  5-degree  curve,  terminating  where  the  headings  met,  in  300  feet 
of  tangent ;  the  line  at  that  end  was  jjroduced  from  fore-sights  perhaps 
8  or  10  miles  away.  It  was  fixed  by  an  iron  plug  in  the  bottom  at  the 
exact  station  of  the  portal,  and  was  carried  along  from  that  point  into 
the  heading.  All  the  tunnel  line  was  located  on  a  high,  steep  mountain, 
and  it  is  questionable  if  the  rough  methods  which  some  think  are  all 
that  is  necessary  would  have  enabled  the  headings  to  meet. 

FosTEK  Ckowelij,  M.  Am.  Soc.  C.  E. — I  do  not  think  I  have  any 
reminiscences  such  as  Mr.  Nichols  and  Mr.  O'Rourke  have  given. 
The  advantage  that  Mr.  Dunham  found  in  keej^ing  his  instrument  off 
the  ground  is  a  very  decided  one,  and  I  think,  in  all  cases  where  the 
line  of  sight  can  be  kept  out  of  reach  of  the  work  that  is  going  on  in 
the  body  of  the  tunnel,  it  is  extremely  desirable.  I  think  it  makes 
very  little  difference  about  the  exact  alignment  of  the  heading,  pro- 
vided the  benches  do  not  follow  too  closely  on  the  heading;  and  if  the 
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formation  is  such,  tliat  the  heading  can  always  he  a  considerable  dis- 
tance in  advance  of  the  finished  work,  the  alignment  of  the  heading,  as 
long  as  it  is  within  reasonable  correctness,  need  not  be  very  exact. 

The  question  of  throwing  a  beam  of  light  along  the  tunnel  as  it  ad- 
vances, which  would  solve  a  great  many  difficulties,  I  think  has  already 
been  solved  in  the  electric  search  light  which  can  readily  be  adapted, 
when  the  necessity  justifies  the  expense. 

There  is  another  method  which,  I  think,  has  not  yet  been  tried.  I 
think  in  a  great  deal  of  difficult  tunnel  work,  where  the  difficulty  is  one 
of  alignment,  and  where  the  depth  of  the  tunnel  below  the  surface  is 
not  too  gi'eat  to  prechide  the  application  of  this  idea,  it  is  very  feasible 
and  would  often  be  very  desirable,  especially  in  cities.  Points  can  be 
transferred  from  the  surface  by  drilling,  using  the  diamond  drill 
through  rock,  in  advance  of  the  excavation,  and  marked  by  metal  rods, 
which  can  be  reached  and  referred  to,  from  time  to  time,  as  the  work 
progresses.  It  is  quite  i^ossible  to  drill  with  the  diamond  drill  a  very 
straight  bore.  It  is  not  necessary  that  it  should  be  exactly  vertical,  as 
long  as  it  is  straight. 

After  the  alignment  has  been  decided  on,  fixed  on  the  surface,  it  is 
quite  feasible  to  sink  the  holes  "«-ith  the  diamond  drill,  and  then,  by 
means  of  a  taut  wire  through  the  hole,  the  i^osition  of  the  lower  end  of 
the  taut  wire  can  be  determined  with  gi-eat  accuracy.  Both  line  and 
grade  can  thus  be  transferred.  It  does  not  matter  whether  it  is  on  the 
center  line  or  not,  the  point  can  be  very  easily  got  at.  ^Tien  pros- 
pecting holes  are  drilled  on  the  center  line,  they  can  be  utilized.  These 
are  devices  to  be  adopted  in  the  tunnel  era  we  are  coming  to,  of  txmnels 
under  cities.  Tunnels  and  the  difficulties  of  following  the  alignment 
under  cities,  are  usually  much  greater  than  the  difficulties  met  with 
ordinarily  in  tunnels  situate  delsewhere;  so,  I  think  the  engineer  can 
look  forward  to  a  number  of  devices,  in  order  to  provide  properly  for 
alignment  under  whatever  emergencies  may  occur. 

A.  McC.  Pakkee,  M.  Am.  Soc.  C.  E. — I  have  nothing  to  say  on  align- 
ment of  tunnels  because  I  have  never  had  any  tunnel  alig-nment  to  do, 
but  I  have  done  considerable  underground  surveying.  One  of  the 
worst  puzzles  I  ever  met  was  the  building  of  a  timber  track  on  a  slope  on 
a  bad  piece  of  foot  wall,  which  ran  at  a  considerable  angle  with  the  bed 
of  our  track.  I  had  my  center  line  carried  down  on  a  wire  exactly  on 
grade,  but  I  did  not  know  how  to  get  the  bed  of  our  track  right  all  the 
way  up.  I  had  a  very  ingenious  mine  carjoenter  working  mth  me,  and 
he  suggested  that  we  throw  a  point  down  about  150  feet  with  the 
transit,  then  go  down  and  put  a  line  in  at  right  angles  to  the  dii-ection 
of  the  shaft  and  string  two  additional  wires  from  this  line,  and  take 
them  out  of  wind  with  the  wire  we  already  had  strung,  and  build  oitr 
timbering  to  them.  We  took  the  measurement  carefully  at  the  side 
wire  each  time,  and  cut  our  timbers  to  tit,  put  the  caps  on,  and  they 
went  on  beautifully. 


462        DISCUSSION   ON   A   METHOD   OF  TUNNEL  ALIGNMENT. 

One  of  the  gentlemen  spoke  of  getting  the  line  of  tunnels  by  strings 
stretched  from  plugs,  on  curves.  I  once  fixed  up  one  of  these  devices 
for  lines  in  drifting,  and  was  congratulating  myself  on  how  easy  it  was 
going  to  be  for  the  miners  to  carry  it  along.  I  said:  "  The  next  time 
you  get  ahead  about  5  feet  you  want  to  be  about  8  or  10  inches  off  that 
last  line  and  you  will  be  exactly  right. "  When  they  fired  the  next  round 
of  holes  in  the  face  of  the  drift,  they  fired  the  whole  business,  and  there 
wasn't  a  sign  of  a  plug  or  anything  else  left  to  show  that  any  such 
scheme  had  been  tried. 

In  Colorado  a  shaft  came  under  my  notice  which  had  been  sunk  by 
a  lot  of  Kansas  farmers.  They  had  gone  out  and  taken  ujj  what  they 
thought  was  a  valuable  claim.  They  had  found  a  ledge  between  two 
walls  of  granite,  which  cropped  out  on  the  surface,  and  they  under- 
took to  sink  a  shaft  on  this,  at  an  angle  of  about  60  degrees.  In  some 
peculiar  way  they  sunk  and  blasted,  so  that  when  they  got  down  about 
120  feet  below  the  surface,  the  long  dimension  of  the  shaft  was  exactly 
at  right  angles  to  the  position  in  which  it  started.  Consequently, 
they  thought  that  if  they  started  off  at  right  angles  to  the  long 
dimension  of  their  shaft  they  must  certainly  come  to  what  they  were 
looking  for.  After  running  in  an  easterly  direction  and  not  striking 
the  vein,  they  ran  in  the  other  direction,  thinking  if  they  did  not  catch 
it  on  one  side  they  would  on  the  other.  They  ran  at  right  angles 
with  the  long  dimension  of  the  shaft  about  100  feet  and  then  they 
went  about  as  far  in  the  other  direction.  It  was  all  through  hard  rock 
too.  By  that  time  they  were  pretty  well  puzzled  and  their  money 
pretty  well  exhausted;  they  came  to  me  and  asked  me  to  go  out  and 
see  what  I  could  do  to  straighten  them  out.  I  went  out,  took  my  transit 
along,  put  a  line  down  the  shaft,  and  had  just  room  to  get  one  down 
and  get  a  back-sight,  and  to  my  surprise  I  foiind  the  drifts  running  at 
right  angles  to  the  direction  they  should  have  run.  I  came  back  to 
town  and  told  them  it  would  take  quite  a  while  to  calculate  just  what 
they  wanted  to  do,  and  waited  about  two  days,  and  then  sent  them  a 
bill  for  my  money.  Then  I  said:  "I  will  have  to  go  out  with  you  and 
show  you  just  what  to  do.  It  was  a  pretty  nervy  thing  to  do,  for  I 
was  afraid  they  might  kill  me  when  I  told  them.  I  had  left  a  short  line 
down  in  the  tAvo  drifts  and  I  took  a  piece  of  cord  down  with  me  and 
with  a  carpenter's  square  laid  out  a  right  angle  from  the  line,  and  said: 
"Go  in  there  about  2  feet  and  you  will  strike  what  you  are  looking 
for."  They  found  it.  This  is  only  a  sample  of  what  peojjle  wall  do 
when  they  do  not  understand  what  they  are  trying  to  do.  These  men 
had  drifted  at  right  angles  from  their  proper  direction  from  the  point 
from  which  they  started  at  the  bottom  of  their  shaft,  and  they  had 
wasted  about  $2  000;  and  about  2  feet  away  from  any  point  in  this 
200  feet  of  drift  they  could  have  struck  what  they  were  looking  for,  if 
they  had  understood  their  business. 
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C.  L.  CkaxdalIj,  M.  Am.  Soc.  C.  E. — The  success  of  the  method 
proposed  by  Mr.  Dunham  will  depend  to  quite  an  extent  upon  the  j)ene- 
trating  power  of  the  target  lamp  used.  Experiments  on  shipboard 
have  shown  that  the  electric  light  is  the  most  penetrating  when  look- 
ing through  fog.  It  should,  therefore,  show  the  best  through  the 
smoky  air  of  a  tunnel,  in  cases  where  an  electric  current  is  available  for 
lighting. 

Chemical  batteries  may  be  thought  suitable,  but  in  using  them 
for  hand  electric  lights  for  reading  circles  and  lighting  cross-hairs  for 
astronomical  work,  at  Cornell  University  some  two  years  ago,  Professor 
E.  A.  Fuertes,  M.  Am.  Soc.  C.  E.,  found  them  so  difficult  to  keep  in  order 
that  they  were  abandoned,  and  a  return  had  to  be  made  to  common 
lamps.  With  the  recent  improvement  in  storage  batteries,  it  is  possi- 
ble that  they  may  soon  be  relied  ui^on. 

The  light  should  be  intensified  by  placing  a  paraboHc  reflector 
behind  it,  or  a  spherical  reflector  behind  and  a  lens  in  front,  so 
that  a  large  portion  of  the  light  woxild  be  condensed  into  a  cylinder, 
or  slightly  divergent  cone  of  rays  directed  towards  the  alig-ning 
instriiment. 

Excellent  results,  however,  are  obtained  in  geodetic  work  with 
kerosene  lamps  ;  an  8-inch  reflector  or  less  rendering  the  light  capable 
of  bisection  at  distances  of  40  miles,  while  the  lamps  are  easily  man- 
aged with  unskilled  labor.  In  the  "optical  collimators  "  used  by  the 
French,  a  kerosene  lamj?,  with  a  flat  wick,  is  placed  in  a  box  ;  two 
small  plano-convex  lenses,  with  their  convex  sides  towards  each  other, 
are  placed  on  one  side  opi^osite  the  flame,  so  as  to  bring  the  rays  to  a 
focus  at  the  edge  of  the  box  ;  a  spherical  mii'ror  is  placed  on  the  oppo- 
site side,  so  that  the  direct  rays  striking  it  are  reflected  back,  through 
the  light,  to  the  lenses.  To  this  box  is  attached  a  second  one,  which 
contains  a  lens  8  inches  in  diameter  and  24  inches  in  focal  length.  The 
rays  of  light,  which  are  brought  to  a  focus  at  the  side  of  the  first  box, 
continue  as  divergent  rays,  through  the  second  box  to  the  large  lens, 
and  emerge  as  parallel  rays.  The  flame  and  wick  shoeing  flatwise  to 
the  lens,  the  pencils  of  rays  from  different  points  of  the  light,  form  a 
cone  with  a  field  of  about  one-half  a  degree,  instead  of  a  cylinder.  A 
telescope  attached  to  the  box,  with  the  line  of  collimation  parallel  to 
the  axis  of  the  lens,  serves  for  pointing  the  collimator  to  the  observing 
station.  The  apparatus,  as  thus  described,  is  over  3  feet  long,  and 
weighs  about  2.50  pounds. 

For  tunnel  work,  the  lens  can  be  reduced  to  3  inches,  or  perhaps 
less,  and  the  field  increased  to  1  or  2  degrees.  The  instrument  could 
then  be  simplified,  the  weight  reduced,  and  the  jjointing  made  easy 
without  the  directing  telescope.  Some  exjierimenting  might  be  neces- 
Sh,ry  in  securing  the  best  arrangement  of  detail  for  portability  and 
penetrating  power. 
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H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  writer  did  not  think  the 
details  of  the  work  described  would  lead  to  so  much  discussion.  It 
might  be  mentioned  that  Mr.  W.  J.  Yoder,  Member  of  the  Western 
Society  of  Engineers,  who  had  immediate  charge  of  the  instrument 
work  referred  to,  substituted  for  the  j^lummet  and  lamp  a  common 
lamp  placed  on  a  shelf  fastened  to  the  back  of  the  gauge  board  where 
its  light  passed  through  a  small  ojjening  and  also  illuminated  a  spirit 
level  which  was  permanently  attached  and  used  to  fix  the  proper 
relative  position  of  the  gauge.  This  was  more  convenient  and  equally 
accurate. 

While  grateful  for  the  attention  given  to  the  descriptive  part,  such 
details  would  hardly  be  thought  suitable  for  a  paper  had  they  not 
offered  a  ready  method  of  introducing  a  subject  which  the  writer 
believed  might  be  of  interest,  viz.,  the  design  and  use  of  an  instru- 
ment by  which  fairly  accurate  results  could  be  obtained  quickly  and 
easily  in  tunnel  work.  If  practicable,  it  should  also  be  of  value  in 
mining  and  subterranean  work. 

The  mention  of  the  use  of  lanterns  by  Mr.  O'Kourke,  the  reference 
to  a  search  light  and  the  discussion  by  Mr.  Crandall,  are  jiertinent. 
There  might  be  nothing  required  differing  in  principle  from  that  which 
has  been  used,  but  it  should  be  a  finer  instrument  than  the  search  light 
and  capable  of  producing  a  beam  in  which  the  rays  would  not  diverge 
60  much  as  a  degree. 

The  power  of  penetration  required  might  not  be  a  serious  obstacle. 
The  small  plummet  lamp  could  be  seen,  except  for  limited  periods,  at 
distances  of  800  and  1  000  feet  through  a  telescope  having  a  power  of 
twenty-four,  from  which  one  might  infer  that  a  lamp  of  twenty-four 
times  the  jjower  of  the  one  used  could  be  seen  by  the  naked  eye  and 
without  a  reflector.  From  this  to  a  ray  powerful  enough  to  produce  a 
light  spot  on  the  face  of  the  heading  or  to  be  seen  in  the  atmosphere  of 
the  tunnel  Avould  not  seem  to  be  a  difficiilt  step. 

The  writer  cannot  agree  with  Mr.  Nichols  and  others  that  too  much 
stress  is  laid  upon  accuracy  in  tunnel  alignment  during  construction, 
unless  it  be  assumed  that  the  engineer  devotes  his  energies  to  bringing 
his  lines  and  grades  together  within  so  many  tenths  of  an  inch.  In  this 
sense,  undoubtedly,  their  words  were  used.  But  let  the  engineer  take  a 
wider  view  of  the  work;  let  him  believe  that  needless  labor  is,  at  best, 
unfortunate  labor,  although  the  principal  contractor  and  the  laborers 
are  paid  for  doing  it;  let  him  seek  to  arrive  at  the  best  results  with 
greatest  economy,  and  he  may  find  the  usual  method  of  giving  fixed 
points  at  quite  long  intervals  faulty  and  in  the  end  expensive.  Good 
foremen  are  remarkably  skillful  and  betray  excellent  judgment,  but 
they  can  hardly  be  expected  to  keep  the  two  halves  of  a  heading  sym- 
metrical for  long  distances,  or  to  extend  grades  of  wall  plates  accu- 
rately by  methods  that  would  be  avoided  upon  the  surface.     Failing 
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in  this,  the  arches  are  unequally  loaded,  the  wall  plates  are  blocked  up 
h\  a  needless  amount  of  material,  and  change  their  position  as  the 
bench  is  removed,  causing  the  roof  to  settle,  joints  to  open,  and  inci- 
dentally making  the  work  of  the  foreman  in  producing  lines  more  diffi- 
cult and  uncertain. 

The  sijecifications  for  a  timber  tunnel  in  rock,  even  where  masonry 
is  to  be  introduced  when  the  timber  fails,  should  require  for  every  wall 
plate  a  bearing  against  the  solid  rock  throughout  at  least  one-half  the 
area  of  its  outer  side,  and  the  under  side  should  be  supported  in  like 
manner  until  the  bench  is  removed.  Evidence  that  such  a  clause  is  not 
too  rigid  might  be  found  in  the  average  American  tunnel,  where  the 
wiiter  believes  foremen  have  been  too  much  neglected  while  good  pro- 
fessional results  were  established. 

The  aim  should  be  to  bring  the  work  of  the  foreman  within  closer 
limits,  thereby  causing  the  removal  of  less  material  and  the  replace- 
ment of  less,  and  securing  greater  stability  and  permanence  in  the 
finished  work,  and,  if  possible,  the  work  of  the  engineer  should  be 
diminished  by  employing  simpler  methods. 

These  objects  were  not  overlooked  when  the  brief  pajjer  under  dis- 
cussion was  written,  but  an  extended  reference  to  the  advantages  of  an 
untried  device  was  naturallv  avoided. 
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COMBINATION    BRIDGE    BUILDING  ON   THE 
PACIFIC  COAST.* 


By  AiFKED  D.  Ottewell,  Esq. 
Reax)  Octobee  5th,  1892. 


For  tlie  pui'ijose  of  this  paper  the  term  "  combination  bridge  "  is 
understood  to  mean  a  bridge  in  Avhich  the  trusses  are  made  of  a  com- 
bination of  wood  and  iron,  or  wood  and  steel.  The  members  of  the 
truss  in  compression  being  generally  of  wood,  and  the  members  in 
tension  being  generally  of  iron  or  steel.  This  definition  is  intended 
to  bar  out  Howe  trusses,  suspension  and  arch  bridges,  for  the  reason 
that  they  are  not  generally  understood  when  the  term  "  combination 
bridge  "  is  used.  A  Howe  truss  has  its  tension  and  compression  mem- 
bers in  general  of  wood,  although  we  once  in  a  while  hear  of  an  iron 
Howe  truss,  in  which  all  its  members  are  composed  of  iron.  In  the 
suspension  and  arch  bridge  the  stiffening  truss  is  of  a  secondary 
nature,  and  therefore  the  make-up  of  that  trussing  takes  second  place 
in  the  designation  of  the  bridge. 

*  Discussion  on  this  paper,  received  before  December  15th,  1892,  will  be  published  in  a 
subsequent  number. 
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The  system  of  webbing  acloi^ted  for  combination  bridges  is  gen- 
erallv  of  the  Warren,  Pratt  or  Petit  form.  The  Pratt  form  in  ordinary 
truss  bridges  being  used  for  sj^ans  uji  to  about  200  feet,  and  the  Petit 
for  sf)ans  above  200  feet.  Multiple  intersection  webbing  has  given 
way  to  the  much  superior  webbing  of  Petit.  The  amount  of  inclina- 
tion given  to  the  top  chord  of  ordinary  combination  truss  bridges  is 
one  of  the  vexed  questions  of  the  day  among  engineers  on  this  coast, 
as  it  would  appear  to  be  in  the  East.  The  writer's  experience  con- 
firms the  opinion  that  for  spans  up  to  about  300  feet,  jiarallel  chords 
are  preferable  between  the  end  hip  connections,  and  for  spans  above 
this  it  is  best  to  deviate  from  parallel  chords  as  little  as  economy  will 
allow. 

The  term  "  Pacific  coast"  is  intended  to  refer  in  general  to  the  States 
of  California,  Oregon,  and  Washington.  The  timber  of  the  northern 
portion  of  this  section  of  the  United  States  having  such  a  world-wide 
reputation  for  its  quality,  it  is  not  surprising  that  such  timber  has 
been  adopted  on  the  coast  in  the  construction  of  bridges  in  places 
where  it  was  so  well  fitted  to  perform  the  required  duty.  That  it  is 
extensively  used  on  this  coast  for  purposes  for  which  iron  or  steel  is 
used  in  the  eastern  part  of  the  United  States,  is  due  partly  to  its  excel- 
lent quality,  and  partly  to  the  distance  of  the  point  of  i^roduction  of 
the  metals  mentioned  from  the  Pacific  coast.  The  efiiect  of  this  dis- 
tance is  augmented  by  the  fact  that  iron  and  steel,  manufactured  in  the 
East  for  use  on  this  coast,  is  generally  carried  continuously  by  rail 
overland,  usually  to  be  manufactured  and  consumed  at  interior  jDoints, 
and  carriage  by  sea  round  Cajie  Horn  consumes  too  much  time, 
although  it  saves  considerable  expense.  That  combination  bridges 
may  be  expected  to  be  seen  on  the  Pacific  coast  long  after  they  have 
disappeared  from  the  Eastern  States,  would  seem  obvious  when  it  is 
remembered  that  the  forests  of  pine  in  the  States  of  Oregon  and 
Washington  are  immense,  the  population  of  the  coast  small,  the  cost 
of  carriage  of  iron  by  rail  necessarily  great,  and  the  probability  of  the 
extensive  manufacture  of  bridge  iron  and  steel  on  the  Pacific  coast  in 
the  near  future  is  small.  TMien  Nature  provides  wood  so  liberally, 
there  is  little  inducement  to  manufacture  iron  as  a  substitute. 

To  get  an  idea  of  the  saving  eftected  by  the  use  of  wood  instead  of 
iron,  we  "v\-ill  consider  one  22-foot  panel  of  a  top  chord  subject  to  a 
strain  of  300,000  pounds.     In  a  combination  highway  bridge  a  stick 
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20  X  20  inches  would  be  used;  and  in  a  steel  bridge  the  section  would 
consist,  say,  of  two  plates  15  x  -i\r  inches,  and  four  angles  3  x  3  x  ^ 
inches,  laced  top  and  bottom,  with  2\  x  |-inch  lattice  bars.  The 
material  in  the  panel  of  the  combination  bridge  would  consist  of,  say, 
734  feet  B.  M.  of  Oregon  pine,  and  say  200  pounds  of  cast  iron  in  the 
chord-block.  The  material  in  the  panel  of  the  steel  bridge  would 
amount  to  about  2  500  pounds  of  steel.  Assuming  that  the  cost  of 
material  in  place  in  the  bridge  is  as  follows  : 

Lumber §20  per  M  B.M. 

Steel 5^  cents  per  jjound. 

Cast  iron M     " 

The  cost  of  the  steel  panel  will  be $137  50 

And  the  cost  of  the  combination  panel $23  70 

Difference $113  80 

While  these  figures  are  of  necessity  of  a  very  approximate  nature, 
and  by  no  means  indicate  the  relation  between  the  cost  of  a  combina- 
tion bridge  and  the  cost  of  a  steel  bridge,  they  do  serve  to  indicate  what 
it  costs  to  substitute  wood  for  steel,  or  steel  for  wood,  in  a  particular 
member. 

For  the  reasons  given  above,  the  subject  of  this  paper  would 
promise  to  be  contemporaneous  for  some  time  to  come.  No  attempt 
is  made  to  give  a  history  of  combination  bridge  building  on  the  coast, 
though,  indeed,  one  could  be  written  containing  much  of  interest, 
experience  and  no  little  humor.  For  the  purposes  of  the  paper  it  is 
considered  advisable  to  confine  illustrations  to  two  examples  from 
recent  practice,  which,  though  not  the  most  recent,  have  already 
stood  tests  as  severe  as  any  which  will  probably  ever  be  brought  to 
bear  upon  them. 

The  first  example  is  the  cantilever  bridge  across  the  North  Umpqua 
Eiver,  near  Roseburgh,  Oregon.  It  is,  as  far  as  the  writer  is  aware,  the 
only  combination  cantilever  of  large  span  in  existence.  The  shore 
arms  are  each  147  feet,  the  river  arms  105  feet  each,  and  the  suspended 
span  80  feet,  making  the  distance  between  river  piers  290  feet,  and  the 
distance  between  end  or  anchor  piers  584  feet.  The  bridge,  as  con- 
structed, illustrates  the  principle  of  the  cantilever  very  simply.  The 
river  span  is  connected  and  supported  by  the  river  arms  at  four  points 
only.    The  weight  of  the  river  sjDan  is  balanced  about  the  river  piers  by 
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the  anchor  piers  or  weights  at  the  outer  ends  of  the  shore  spans.  As  -will 
be  seen,  there  is  no  connecting  member  between  the  hip  panel  points 
of  the  suspended  span  and  river  arms,  the  wind  pressure  on  the  upper 
chord  of  the  suspended  span  being  transmitted  down  the  end  brace  to 
the  bottom  chord  of  the  cantilever  arms  to  the  earth.  The  lower  part 
of  each  pier  is  built  of  concrete,  set  on  the  solid  rock  of  the  river  bed. 
The  upper  part  of  each  pier  consists  of  two  ii-on  cylinders,  filled  with 
concrete,  and  braced  by  wrought-iron  horizontal  struts  and  diagonal 
ties.  The  bracing  is  protected  from  drift  by  timber  sheathing  on  each 
side  of  the  bracing.  The  up-stream  cylinder  was  anchored  down  to  the 
concrete  base  by  two  Ij-inch  galvanized  iron  rods,  to  increase  the 
stability  against  drift.  The  smallness  of  the  anchor  piers  is  due  to  the 
unusual  length  of  the  shore  arm  as  compared  with  the  river  span. 

The  method  used  in  jjroviding  for  exioansion  and  contraction  is 
shown  on  Plate  L"VTII.  After  erection  and  adjustment  the  slot  in  panel 
point  25  at  the  fixed  end  (Plate  LVTE)  of  the  suspended  span  was  keyed 
up,  so  that  the  whole  expansion  and  contraction  of  the  river  arms  and 
suspended  span  were  afterwards  taken  up  by  the  motion  of  the  pin  in 
the  slot  (Plate  LVm).  As  usual  in  the  superstructure  of  combination 
bridges,  the  floor  beams,  joists,  floor  and  railing  are  of  wood.  The 
compression  members  are  of  wood,  with  the  exception  of  the  struts 
and  bottom  chord  panels  next  the  river  i^iers,  which  are  of  steel.  The 
tension  members  are  of  iron,  and  the  pins  of  steel ;  the  chord-blocks, 
post-shoes,  etc.,  being  of  cast  iron.  The  shore  arms  were  made  of 
unusual  length  so  as  to  ofier  as  little  obstruction  as  possible  to  drift, 
of  which  there  is  considerable  in  the  rainy  season. 

The  method  of  erecting  the  suspended  span,  without  false  work,  by 
working  out  from  the  river  piers,  was,  to  some  extent,  difi'erent  from 
the  usual  method  adopted  for  iron  construction,  since  the  compression 
members  in  combination  work  will  not  in  themselves  take  tension,  nor 
the  tension  members  take  compression ;  nor  will  any  member  take 
transverse  loads  or  shear.  For  these  reasons  it  was  found  necessary 
in  the  course  of  erection  to  introduce  several  temporary  ties  and  struts. 

The  second  example  illustrating  this  paper,  is  the  bridge  across  the 
Salinas  River,  near  Salinas,  Monterey  County,  Cal. ,  hereafter  referred 
to  as  the  Hilltown  Bridge.  It  consists  of  two  Petit  truss  spans  of  298 
feet  1  inch  each,  on  pile  piers.  The  center  pier  consists  of  thirty-four 
redwood  piles,  and  the  end  piers  of  twenty-six  ^Diles.     Two  sites  were 
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proposed  for  this  bridge,  indicated  on  the  plan  as  the  upper  and 
lower  crossing.  The  bed  of  the  river  at  both  these  crossings  consists 
of  quicksand,  gravel,  and  clay,  to  a  great  depth.  The  lower  crossing 
was  adopted  for  the  reasons  that  it  was  shorter  than  the  ujjper,  and 
the  banks  at  the  lower  offered  more  resistance  to  a  change  of  course  in 
the  river  than  at  the  upper.  The  piles  for  the  pier  were  of  hewn 
redwood  and  not  less  than  10  inches  diameter  at  the  point,  driven  as  far 
as  practicable  without  injury  to  the  pile.  The  piles  were  efficiently 
braced  and  capped,  as  shown,  and  sheathed  with  redwood  from  low 
water  to  the  top  of  the  jjier.  The  truss-timbers,  floor-beams,  floor- 
joists,  floor-planks,  and  railing  were  of  Oregon  pine. 

The  whole  of  the  iron  and  steel  work  for  these  bridges  was  manu- 
factured by  iron  works  on  this  coast,  both  bridges  being  designed, 
constructed  and  erected  by  the  California  Bridge  Company  in  1888-89. 

List  of  Photographs  illustrating  this  paper  : 

ROSEBUBGH   CaNTHjEVEK   BbiDGE. 

Plate  LII. —  General  View  of  Bridge. 
LIII. —  Driving  the  Last  Spike. 
LIV. —    Hilltown  Bridge.     General  View. 

List  of  Drawings  illustrating  this  pai:)er  : 
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LVL — ■    Details  of  Shore  Arm. 
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SOME   NOTES   ON    FOUNDATION   EXPERIENCES.- 


By  A.  P.  BoLLEE,  M.  Am.  Soc.  C.  E. 
Bead  Octobek  5th,  1892. 


GAS  HOLDER  TANKS,  BAY  STATE  GAS  COMPANY. 


The  plant  of  the  Bay  State  Gas  Company,  built  in  1886,  is  located 
near  the  ^Dumping  station  of  the  Main  Drainage  Works  of  the  City  of 
Boston,  on  Dorchester  Bay,  and  on  original  marsh  land  flooded  at  high 
tides  from  the  bay.  It  was  designed  by  the  late  Joseph  Flannery,  a 
leading  gas  engineer  of  Philadelphia.  The  gas  holder  tanks  of  this 
plant  about  to  be  described,  and  to  which  the  writer's  relation  was 
simply  that  of  a  contractor,  are  interesting  from  their  magnitude,  the 
speed  with  which  they  were  constructed,  and  the  manner  in  which  the 
work  was  carried  out.  There  are  two  tanks  built  of  brick,  about  30  feet 
apart,  each  having  an  inside  clear  diameter  of  152  feet,  with  foundation 
footings  sunk  about  30  feet  below  the  level  of  the  marsh.     The  leading 


*  Discussion  on  this  paper,  received  before  December  15th,  1892,  will  be  pubhshed  in  a 
subsequent  number. 
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(Timensions  and  arrangement  of  column  piers  and  roof  siijiports  are 
shown  ui^on  the  drawing.  They  were  bnilt  between  the  first  of  June 
and  Christmas  of  the  same  year,  except  the  coping  (of  granite)  on  No.  2 
tank,  which  severe  weather  delayed  until  the  following  spring. 

By  the  terms  of  the  contract,  the  contractors  were  to  do  their  own 
engineering  and  inspection  under  the  plans  furnished,  the  principal 
requirement  being  that  the  tanks  should  be  guaranteed  water  tight 
and  true  to  circle.  The  material  used  was  hard  burnt  Eastern  brick, 
laid  in  improved  Union  cement,  and  coarse  gravel  concrete  made  with 
Portland  cement. 

The  physical  conditions  under  which  the  tanks  were  to  be  con- 
structed were  rather  forbidding,  particularly  in  view  of  the  difficulties 
met  in  securing  the  foimdations  for  the  piimping  station  of  the  drain- 
age works  some  500  feet  away  from  the  site  of  the  tanks.  No  borings 
had  been  taken,  it  being  assumed  that  the  material  to  be  gone  through 
was  substantially  of  the  same  character  as  that  met  with  at  the  pump- 
ing station,  starting  with  the  marsh  mud,  stiflening  up  as  clay,  and 
reaching  the  sand,  which  was  strongly  water  bearing  as  would  be  ex- 
pected. The  enormous  area  occupied  by  each  tank  dictated  large 
pumping  capacity. 

The  mode  of  construction  adopted  was  as  follows  :  The  site  of  the 
tanks  and  construction  i^lant,  covering  some  two  acres,  was  first  diked 
off  from  the  sea,  which  flooded  the  marsh  at  high  tide.  Immediately 
between  the  tanks  a  sump  well  10  feet  square  was  sunk  and  i^lanked 
up,  into  which  all  di'ainage  was  to  be  carried.  The  pumjoing  plant 
consisted  of  two  80  horse-power  locomotive  boilers,  and  four  Audi-ews 
centrifugal  pumps,  two  6-inch  and  two  8-inch  discharge,  forming  a 
duplicate  plant,  it  being  exjaected  that  one  of  each  size  pump  would  be 
amply  sufficient  to  care  for  the  water  under  the  plan  of  construction 
adopted,  the  other  set  being  a  relay  in  case  of  accident. 

In  sinking  the  sump,  much  difficulty  was  experienced  about  two- 
thirds  the  way  down,  from  marsh  gas  ;  so  much  so  that  several  work- 
men narrowly  escaped  with  their  lives,  and  all  those  who  had  come 
under  its  influence  suffered  from  inflamed  eyes  for  several  days  after 
withdrawing  from  the  pit.  It  was  only  after  a  blower  had  been  rigged 
up  for  forcing  air  down  the  pit  and  thus  diluting  and  dissipating  the 
gas,  that  work  could  be  resumed  and  the  bottom  of  the  sump  reached 
and  i^lanked  with  lateral  connections  to  the  tank.     The  walls  of  the 
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tanks  were  built  in  excavations  precisely  as  if  a  sewer  was  intended, 
the  interior  core  being  left  for  excavation  after  the  completion  of  the 
walls.  The  wall  excavation  was  sloped  about  1  to  1  for  10  feet,  when 
sheet  piling  was  introduced,  4  inches  (tongued  and  grooved)  for  the 
outside  row  and  2  inches  for  the  inner  row. 

The  sheeting  in  single  lengths  was  mauled  down  as  far  as  possible, 
when  a  small  steam  pile-driver  was  mounted  and  the  sheeting  driven 
clear  down  below  the  concrete  footing.  The  driver  was  a  small  ma- 
chine consisting  of  a  single  square  timber  mast  on  the  apex  of  a  tri- 
angular base,  the  hammer  of  about  500  pounds  grooved  to  slide  over  a 
tee-rail  guide  secured  to  the  mast.  It  was  a  very  effective  machine 
and  easily  handled. 

This  manner  of  putting  in  the  tank  walls  required  only  a  narrow 
excavation  easily  braced,  reducing  the  demands  on  the  pumps  to  a 
minimum.  The  excavations  were  carried  on  either  way  from  the  sump 
drains,  and  in  sections  of  greater  or  less  length  as  contention  with 
water  demanded.  In  building  the  brick  work,  to  secure  tightness,  the 
bond  was  broken  as  irregularly  as  possible  in  the  hearting  of  the  wall 
(water  abhors  an  angle),  and  to  secure  a  thorough  filling  of  the  joints 
with  mortar,  the  bricklayers  were  instructed  to  keep  their  fingers  over 
the  bricks  and  lay  them  a  finger  width  apart.  Each  course  of  brick 
work  was  thoroughly  grouted  as  the  work  progressed.  The  result  was 
an  exceedingly  tight  wall,  as  will  be  seen  by  the  record  hereafter  given. 
As  the  wall  was  built  up,  the  outside  void  formed  by  excavation  was 
refilled  with  the  excavated  material  and  well  rammed.  The  circular 
alignment  was  maintained,  and  verticality  insured  by  frequent  checks 
with  a  standardized  steel  ribbon  revolved  around  a  carefully  maintained 
center  hub  and  plumbing  down  from  the  end  of  the  radius.  This  resulted 
in  such  accurate  work,  that  little  or  no  furring  was  required  for  setting 
the  gas  holder  guides,  and  a  trifling  amount  of  cutting  into  the  brick 
was  required  in  only  a  few  cases. 

On  the  comjaletion  of  the  Avails,  the  central  core  was  rapidly  exca- 
vated by  means  of  three  or  four  derricks  handling  yard  buckets  of 
material.  Little  or  no  difficulty  was  experienced  in  putting  in  the 
concrete  bottom,  excepting  for  about  one-third  the  length  near  the 
footings  of  one  of  the  tanks,  which  was  conquered  section  by  section 
with  sheeting,  and  boxing  in  a  continuous  drain  below  the  concrete. 
Contrary  to  expectations,  the  water  difficulty  was  not  great,  and  bar- 
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ring  a  short   section   above   noted  in  the  fii-st  tank,  where  sand  was 

struck,  all  the  water  met  required  only  intermittent  pumping.     Almost 

the  entire  excavation,  after  passing  the  marsh  mud,  was  in  clay,  and  in 

the  westerly  tank  no  sand   whatever  was  encountered,   consequently 

little  or  no  water  was  met  on  the  completion  of  the  work.     The  tanks 

were  filled  to  theii-  cajoacity,  and  the  engineer,  Mr.  Flannery,  reported 

as  follows  to  his  company:  *  *  *  "  The  record  of  the  two  gas  tanks 
kept  from  the  9th  instant  indicate  that  in  No.  1  no  appreciable  loss 
has  obtained;  that  in  No.  2  a  loss  of  4:^  inches  has  obtained  in  each 
twenty-four  hours,  being  from  June  80th,  1.30  p.  5i.,  to  1.30  p.  m.  of 
the  11th  instant,  5  inches;  11th  to  12th  instant,  4i  inches;  12th  to  13th 
instant,  4  inches  ;  which  shows  a  constant  betterment.  That  these 
tanks  made  so  excellent  a  showing  at  this  period  of  their  history  is 
iinjjrecedented.  No.  2  shows  a  rate  of  improvement  which  indicates 
an  entii'e  stoppage  in  the  unaccounted-for  water  in  a  few  days.  The 
evaporation  at  this  season  amounts  to  -ru  of  an  inch  in  twenty-four 
hours."     *     *     * 

Coffee-Dam  of  the  Centek  Piek  of  the  Akthue  Kjul.  Beidge. 

The  center  pier  of  the  Ai-thur  Kill  Bridge,  uniting  the  Jersey  shore 
with  Staten  Island  at  Elizabethi^ort,  is  founded  upon  the  red  sand- 
stone of  the  district,  and  was  built  within  a  coffer-dam  of  somewhat 
novel  construction,  -^-ith  a  view  of  avoiding  all  interior  bracing,  which 
interferes  greatly  with  rapid  and  economical  building  of  masonry. 
The  tides  run  very  rapidly  in  the  Kills,  rendering  it  almost  impossible 
for  a  single  oarsman  to  make  headway  against  them.  The  traffic 
through  the  Kills  is  of  enormous  proportions,  consisting  largely  of 
tows,  which,  in  a  comparatively  narrow  channel,  were  often  forced  by 
wind  and  tide  in  close  proximity  to  the  center  pier.  Any  coflfer-dam 
had,  therefore,  to  be  built  within  the  narrowest  limits.  The  i)hysical 
conditions  at  the  site  of  this  pier  were  a  nearly  level  rock  bottom  (the 
sandstone  being  in  its  natural  bed,  with  not  over  10  inches  pitch  to 
the  eastward  in  the  width  of  the  dam),  overlaid  with  about  2  feet  of 
clay  under  some  18  inches  of  sand  and  mud,  and  a  depth  of  water  over 
the  rock  of  28  feet  at  high  tide.  The  i^lan  of  dam  adopted  was  a 
double-walled  jiolygon  of  twelve  sides,  the  walls  being  4  feet  apart  in 
the  clear,  within  which  the  puddle  was  placed.  The  inscribed  circle 
of  the  inner  wall,  measiiring  the  free  working  sj)ace,  was  42  feet  6 
inches  in  diameter.  The  walls  of  the  dam  were  built  up  of  square 
hemlock  timbers  as  shown,  halved  into  each  other  at  theii*  intersec- 
tions, and    jDroportioned    under    the    consideration    of    a    horizontal 
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jDolygonal  ring,  subject  to  a  uniform  load  of  water  due  to  the  head  at 
any  point.  The  separate  walls  were  tied  together  by  bolts  and  round 
struts  (barked  pieces  of  piles)  at  intervals,  the  round  struts  being 
adopted  to  allow  the  puddle  to  freely  run  around  them  as  shoveled  in. 
The  bolts  passed  through  clamjj  timbers  of  yellow  pine  6  x  12  inches, 
the  whole  depth  of  the  dam.  For  convenience  of  building,  these  c]amj)s 
were  scarfed  in  two  lengths.  The  interior  struts  butted  up  against 
pieces  of  6-inch  plank,  so  as  to  catch  all  the  wall  timbers. 

The  dam  was  built  on  the  shore  in  launching  ways  for  about  one- 
third  its  height,  when  it  was  launched,  and  towed  to  its  location 
and  was  built  up  until  grounded  in  position.  Between  each  course  of 
timber  and  at  the  scarfing  of  the  joints,  a  line  of  cotton  wicking  was 
introduced,  which  by  swelling  would  aid  tightness  of  the  walls,  and 
prevent  the  puddle  seeking,  under  a  strong  head  of  water,  a  vent  caused 
by  unevenness  of  the  timber,  which  events  proved  to  be  a  wise  j)recau- 
tion.  The  courses  of  timber  were  drift  bolted  every  3  feet  with 
f  X  18-inch  bolts,  and  the  scarfed  corners  were  additionally  fastened 
with  10  X  t  spikes. 

Previous  to  launching  the  dam,  the  site  of  the  pier  had  been  jjre- 
pared  by  dredging  the  rock  bare,  and  settling  in  place  the  crib  blocks 
on  either  side,  constituting  part  of  the  jDermanent  fenders,  which  are 
all  crib  work.  The  dam,  56  feet  across,  projected  into  the  channel 
beyond  the  fenders  3^  feet  on  either  side.  Fortunately  it  was  not 
struck  by  passing  vessels  or  tows,  although  there  were  some  narrow 
escapes  from  the  latter. 

The  dam  was  settled  in  position  and  held  in  place  by  piling  on  some 
of  the  stone  which  was  to  be  built  in  the  pier,  when  the  i^uddle  was 
filled  in  between  the  walls.  This  puddle  was  a  very  hard  gravelly 
clay,  from  a  nearby  bank,  exceedingly  difficult  to  dig,  but  which  jiacked 
splendidly  under  the  water  as  it  was  thrown  in,  and  made  an  ideal 
material  for  the  purpose.  Before  pumping  out,  the  bottom  was  pre- 
pared by  depositing  under  water  a  rich  Portland  cement  concrete,  con- 
taining three  barrels  of  cement  and  nine  barrels  of  sand  to  the  yard  of 
stone.  It  was  deposited  from  triangular  buckets  of  one  yard  capacity 
and  placed  by  divers,  until  there  was  4  feet  of  concrete  all  over  the 
dam.  After  allowing  the  concrete  to  harden  for  about  a  week,  the  dam 
was  jjumped  out  in  a  few  hours  for  the  masons  to  start  their  work,  and 
a  beautifully  tight  dam  it  was,  with  one  exception,  and  that  was  a  very 
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small  area  about  5  feet  from  one  of  the  walls,  where  the  divers  had 
omitted  to  projierly  cover  the  bottom  with  concrete,  and  qnite  a  lively 
spring  spouted  ujj  from  the  bottom.  We  always  believed  this  to  be 
from  a  fissure  in  the  rock,  and  not  from  under  the  dam,  as  the  oiitside 
edge  of  the  dam  had  been  carefully  gone  over,  foot  by  foot,  by  the 
diver,  who  bagged  with  clay  any  susi^icious  place,  besides  which  the 
splendid  character  of  the  puddle,  so  well  boxed  in,  seemed  to  insure  a 
perfect  luting  with  the  rock.  As  the  spring  refused  to  be  stopped,  it 
was  boxed  in  and  led  to  the  sump,  the  concrete  leveled  off  and  the 
masonry  started,  and  the  box  built  into  the  pier. 

There  was  some  groaning  of  the  timbers  as  they  settled  to  their 
bearings,  and  quite  a  perceptible  bend  to  the  lower  timbers  of  the 
inside  wall.  The  tie  bolts  drew  nearly  half  way  into  the  clamja  tim- 
bers, a  coui^le  of  which  split  up  at  the  scarf  joint.  The  seams  between 
the  wall  timbers  were  remarkably  tight,  thanks  to  the  cotton  wicking, 
although  in  a  few  places  when  the  irregular  scantling  made  too  wide  a 
joint  the  cotton  leached  out,  followed  by  some  clay,  but  such  leaks  were 
quickly  stopped  by  some  pieces  of  plank  sjaiked  over  the  seams  and 
calked.  The  6-inch  centrifugal  pumj)  took  care  of  the  drainage  with 
perfect  ease,  and  was  only  run  intermittently.  Had  it  not  been  for  the 
bottom  spring  before  described,  a  3-inch  pump  would  have  been  amply 
sufficient  to  take  care  of  all  seepage  or  wall  leakings.  The  only  im- 
l^rovement  that  could  have  been  made  in  this  dam,  would  have  been 
the  use  of  10-inch  instead  of  6-inch  clamp  timbers,  and  larger  bolt 
washers;  and  the  author  thinks  a  direct  miter  joint  of  the  wall  timbers 
instead  of  scarfing  would  have  made  better  bearings,  but  in  that  case 
it  would  have  been  difficult  to  have  made  a  unit  of  the  dam  for  launch- 
ing, handling  and  placing,  and  would  have  required  iron  clamps  or 
some  device  for  holding  the  courses  together. 

This  dam  required  140  M.  B.  M.  of  timber,  15  000  pounds  of  iron, 
and  600  yards  of  puddle,  and  is  believed  to  be,  for  the  area  embraced 
and  dei^th  of  water,  as  economical  and  safe  a  dam  as  was  ever  built, 
to  say  nothing  of  the  immense  gain  from  freedom  of  intermediate  cross 
bracing. 

AnTHUE  KHiii  Bridge.     Piek  No.  4. 

This  pier,  near  the  Staten  Island  side,  was  almost  in  the  sweep  of 
the  tows,  and  jjutting  in  the  foundations  was  looked  forward  to  with 
no  little  anxiety.     It  was  necessary  to  have  the  stou.test  kind  of  fender 
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guards  (whicli  were  to  be  permaDent),  and  a  system  of  oak  piling  and 
bracing  was  devised  and  put  in  i)lace  as  soon  as  the  ice  enabled  us  to 
get  a  machine  in  place  and  float  in  material.  At  this  point,  to  hard- 
pan  bottom  from  high  water  was  34  feet;  the  bottom  being  overlaid 
with  some  3  feet  of  clay  and  6  feet  of  sand,  with  an  irregular  mud  line 
on  top,  slojjing  shoreward  from  9  to  10  feet. 

It  was  the  original  intention  to  dredge  to  hard  bottom  and  put  in  a 
double  walled  squared  timber  coffer-dam,  similar  in  construction  to 
that  used  for  the  center  pier  previously  described,  but  of  rectangular 
shape,  and  the  cross  bracing  being  placed  as  the  water  was  lowered;  biit 
as  it  would  have  projected  beyond  the  fenders  into  the  channel,  and 
would  almost  certainly  have  been  run  into,  it  was  deemed  more  prudent 
to  sink  a  caisson  with  a  coffer-dam  top,  which  could  be  kept  within  the 
l^rotection  of  the  fenders.  On  account  of  the  teredo,  the  caisson  was 
IDlanned  so  as  to  cut  out  the  roof  after  the  chamber  had  been  filled  with 
concrete,  and  the  masonry  started  on  the  exj)osed  concrete  footing.  To 
this  end  the  caisson  was  built  with  a  roof  having  a  single  layer  of  12-inch 
timbers,  with  ceiling  plank  on  the  under  side,  the  roof  being  broken  into 
the  spans  with  rods,  as  shown  on  drawing.  The  air  chamber  had  a  clear- 
ance of  7  feet.  The  bottom  was  prepared  by  dredging,  when  the  cais- 
son was  floated  into  i)lace  and  the  coffer-dam  sides  were  planked  up  and 
caulked  as  the  caisson  sank  with  the  weight  added  from  time  to  time, 
which,  in  addition  to  the  water,  consisted  of  the  necessary  quantity  of 
ashlar  stone,  which  would  afterwards  be  built  into  the  pier.  After 
the  caisson  was  landed  on  the  bottom,  sufiicient  stone  was  added  to 
balance  the  air  pressure  and  the  concreting  proceeded  with  in  the 
usual  way.  When  the  chamber  was  filled,  the  coffer-dam  was  pumj^ed 
out  and  stone  removed,  biat  the  reduction  of  weight  was  too  much  for 
the  concrete,  which  evidently  had  not  bonded  with  the  bottom,  or  pos- 
sibly a  leakage  between  the  roof  and  concrete,  or  both  combined,  and 
the  whole  dam  lifted  up  about  3  inches  at  one  end.  As  it  was  ho2)eless 
to  endeavor  to  force  it  back  to  place,  and  there  was  no  telling  how 
much  the  concrete  was  demoralized,  there  was  no  help  but  to  take  it 
out  and  begin  all  over  again,  which  was  done  after  a  good  deal  of 
trouble.  More  care  was  exercised  in  removing  the  weight,  and  it  was 
finally  concluded  to  build  immediately  on  top  of  the  roof  timbers  and 
not  undertake  to  cut  them  out.  This  simplified  the  work  and  the  ma- 
sonry was  started  in  sections,  until  enough  courses  were  built  to  insure 
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all  tlie  dead  weight  needed  against  the  extreme  head,  when  the  rest  of 
the  pier  was  run  np  in  the  usual  way.  As  the  timber  deck  was  below 
river  bottom,  a  little  rip-rap  insured  it  against  any  possible  exposure 
to  the  teredo.  The  pneumatic  work  and  coffer-dam  was  performed 
under  a  sub-contract  with  Sooysmith  Company. 

Akthur  Ktll  Beedge.  Piee  No.  5. 
This  pier  is  near  the  edge  of  the  marsh  forming  the  Staten  Island 
shore,  which  is  barely  flooded  at  extreme  high  tides.  Borings  indicated 
about  30  feet  from  surface  of  the  marsh  to  hard  bottom,  consisting  of 
mud,  mud  and  clay  mixed,  through  more  or  less  sand  into  clay,  clay 
and  shale  to  the  bottom  of  shaley  clay,  on  which  the  pier  was  to  be 
founded.  Experience  on  the  Boston  tanks  seem  to  indicate  that  the 
founding  of  this  pier  would  be  accomplished  with  little  difficulty.  The 
area  of  the  foundations  was  enclosed  -n-ith  a  tongued  and  grooved  sheet 
pile  dam  of  4-inch  yellow  jjine  plank  ;  but  it  was  found  impossible  to 
hold  the  plank  at  a  depth  of  15  feet ;  the  mud  and  clay  became  pud- 
dled with  water,  and  despite  all  efforts  at  bracing,  the  plank  shoved 
inward  to  such  an  extent  as  to  si)oil  the  whole  dam  before  we  were 
half  way  down.  A  second  dam  was  therefore  driven  around  the  first 
one,  but  this  time  with  10  x  12-inch  tongued  and  grooved  timbers,  in 
one  length,  to  reach  to  the  extreme  bottom.  These  timbers  were 
grooved  by  slitting  the  grooves  out  at  the  mill  with  a  circular  saw  and 
chiseling  the  blank  so  formed,  free.  The  tongue  was  an  independent 
"spline,"  2|x  4  inches  of  dry  wood  and  nailed  in  one  groove.  The  timbers 
were  shaped  at  the  feet  to  drive  close.  This  dam  was  hard  driving, 
but  was  finally  accomplished,  when  digging  was  resumed,  and  the  old 
dam  removed  piecemeal  as  we  could  get  in  the  braces.  The  bottom 
was  reached  within  a  perfect  dam,  with  only  one  bad  leak  in  the  north- 
west corner  due  to  the  shattering  of  a  small  piece  of  one  tongue  during 
the  driving.  As  it  was  impossible  to  stop  this  leak  from  the  inside, 
and  the  outside  was  inaccessible,  to  prevent  washing  the  concrete  the 
leak  was  led  ofl'  in  a  box  at  the  side  of  the  dam  to  the  sump  well,  and 
the  footing  course  of  concrete,  filling  the  whole  area  of  the  dam  about 
7  feet  deep,  was  gotten  in  in  place. 
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THIN  FLOORS  FOR  BRIDGES. 


By  Albert  F.  Kobinson,  M.  Am.  Soc.   C.  E. 
Bead  Septembek  7th,  1892. 


WITH  DISCUSSION. 


Much  time  and  study  have  been  given  to  designing  the  floors  of 
our  railway  bridges.  Notwithstanding  this,  the  floor  is  the  most  usual 
source  of  weakness  to-day.  In  most  cases  this  weakness  is  due  to  an 
insufficient  depth  from  base  of  rail  to  clearance  line.  The  grade  line 
is  usually  placed  so  near  extreme  high  water  that  there  is  not  room 
for  a  properly  designed  floor. 

Ten  or  fifteen  years  ago  the  uniform  moving  load  used  was  sel- 
dom more  than  2  200  to  2  600  lbs.  per  linear  foot  of  track,  while  at 
present  it  is  4  000  lbs.  or  more,  and  in  addition  the  hea^•y  concen- 
trated loads  due  to  engine  drivers  must  be  provided  for.  In  spite 
of  this  great  increase  in  the  rolling  load,  the  designers  have  seldom 
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been  allowed  to  use  the  depth  of  floor  they  considered  the  best.  For 
14  ft.  clear  width  of  roadway,  bridges  having  beams  as  much  as  3i  ft. 
deep  and  stringers  2^  ft.  or  more  in  depth  are  not  frequent.  The 
increase  in  dejjth  of  floor  can  hardly  be  said  to  have  been  proportion- 
ate to  the  great  increase  of  the  rolling  load. 

The  writer  has  examined  bridges  on  main  lines  of  railway  having 
a  heavy  traffic,  in  which  the  floor  beams  were  from  18  to  24  ins. 
deep  over  the  flange  angles,  and  had  from  one  to  three  cover  plates. 
The  stringers  were  sometimes  of  wood  and  sometimes  of  rolled  beams. 
The  deflection  of  the  beams  and  stringers  in  these  structures  was  so' 
great  that  the  rivets  connecting  the  beams  to  the  posts  could  not  be 
kept  tight,  though  redriven  frequently  (in  one  case  twice  within  a. 
year).  This  excessive  deflection  in  the  floor  must  cause  a  motion  in 
the  trusses,  which  is  injurious,  and  will  greatly  shorten  the  life  of  a. 
structure,  notwithstanding  the  fact  that  the  trusses  themselves  are 
reasonably  well  designed. 

In  and  near  our  large  cities,  where  grade  crossings  are  gradually 
being  abandoned  and  tracks  elevated  or  depressed,  the  depth  of  the 
bridge  floor  is  of  great  importance.  Every  inch  saved  in  the  floor 
reduces  the  cost  of  the  apj^roaches  to  the  bridge,  the  amount  of  abut- 
ting damages  on  account  of  elevating  the  track,  and  the  extra  cost  of 
operating  the  road  due  to  the  increased  grade.  As  a  result  many  of 
the  overhead  bridges  in  our  cities  have  very  shallow  floors  which  do 
not  stand  at  all  well  under  traffic.  The  rivets  connecting  the  stringers 
to  the  beams,  and  the  beams  to  the  posts  (when  beams  are  riveted 
between  posts),  are  continually  getting  loose.  Any  small  defects  are 
aggravated  by  this  floor,  and  the  structures  are  apt  to  need  extensive 
repairing  in  a  few  years  after  erection;  and  this  will  make  the  main- 
tenance charges  high. 

Many  difierent  kinds  of  shallow  floors  have  been  tried,  but  with 
somewhat  indiff'erent  success.  They  may  carry  the  traffic,  but  soon 
get  out  of  repair,  and  are  very  liable  to  fail  in  case  of  derailment.  One 
of  the  most  satisfactory  thin  floors  yet  used  has  been  of  heavy  timber 
ties  which  carry  the  load  from  the  rails  directly  to  the  main  trusses  or 
girders.  In  through  plate  girders  these  ties  rest  upon  shelf  angles 
lilaced  as  near  the  bottom  flange  angles  as  possible.  In  lattice  girders 
or  short  through  truss  spans  they  are  suspended  from  the  bottom 
chords  by  bolts,  as  in  some  of  the  bridges  on  the  Buffalo  extension 
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of  the  Lackawanna  road.  These  floors  must  necessarily  be  short 
lived,  since  they  depend  entirely  upon  the  strength  of  the  timber 
ties;  they  will  also  be  expensive  and  inconvenient  when  renewals  are 
necessary. 

Under  the  above  circumstances  the  writer  may  be  warranted  in  the 
assertion  that  no  very  thin  bridge  floor,  which  will  meet  all  ordinary 
requirements,  has  yet  been  brought  before  the  engineering  jiublic. 
Our  problem,  then,  is  to  design  the  thinnest  possible  bridge  floor 
which  will  comply  with  the  following  requirements: 

First. — It  must  be  reasonably  low  in  first  cost,  and  must  be  long 
lived. 

Second. — It  should  not  be  liable  to  fail  under  derailment,  and,  if 
possible,  it  Should  be  able  to  stand  under  collisions. 

Third. — The  erection  must  not  be  unreasonably  inconvenient,  and 
the  floor  should  be  so  arranged  that  it  can  be  put  in  without  interrupt- 
ing trafiic. 

Fourth. — It  should  show  low  cost  for  maintenance,  and  be  so 
arranged  that  the  ties  can  be  renewed  without  serious  expense  or  the 
interruption  of  traffic. 

Fifth. — It  must  not  attract  the  unfavorable  criticism  of  passengers 
by  the  way  it  carries  a  train. 

Sixth. — It  should  please  trainmen  and  gain  their  confidence  by  its 
appearance  of  strength  and  ability  to  stand  hard  continuous  service. 

Some  time  in  1887,  George  S.  Morison,  M.  Am.  Soc.  C.  E. ,  used  a 
12-in.  Lindsey  floor  for  the  Willamette  Kiver  bridge,  in  which  the 
ties  were  about  12  ins.  deep.  In  this  structure  the  distance  from 
base  of  rail  to  clearance  line  was  about  2  ft.  In  1889  the  writer, 
then  in  the  employ  of  E.  L.  Corthell,  M.  Am.  Soc.  C.  E.,  designed 
the  bridges  for  the  crossing  of  the  Chicago,  Madison  and  Northern 
Railway  over  the  Chicago,  Burlington  and  Quincy  Railroad  and  three 
streets  in  the  town  of  Clyde,  near  Chicago.  He  used  a  solid  steel 
floor  having  a  distance  of  about  18  ins.  from  base  of  rail  to  clear- 
ance line.  The  metal  work  of  this  crossing  (known  as  the  "Clyde 
Viaduct ")  consisted  of  three  60-ft.  through  plate  girders  and  two 
pin-connected  spans  of  161  and  148  ft.  6  ins.  respectively.  In  the 
trusses  24-in.  stiff  bottom  chords  were  used;  the  floor  throughout 
was  12  ins.  deep  over  covers  and  made  up  of  plates  and  angles. 
The  cross-ties  rested  upon  brackets  in  the  troughs.     This  floor  rested 
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upon  slielf  angles  which  were  riveted  to  the  webs  of  the  plate 
girders  and  stiflf  bottom  chords,  as  close  to  the  bottom  flange  angles 
as  ijossible. 

The  troublesome  points  developed  in  the  shojjwork  and  erection 
of  these  bridges,  together  with  the  knowledge  gained  thereby,  and  the 
continuous  calls  upon  the  writer  for  a  still  shallower  floor,  caused  him 
to  begin  the  study  which  has  resulted  in  the  partial  set  of  plans 
accompanying  this  pajier.  They  are  carried  only  far  enough  to  show 
clearly  what  is  necessary  for  the  paper  in  hand,  and  can  not  be  called 
finished.  G.  H.  Thomson,  M.  Am.  Soc.  C.  E.,  bridge  engineer  for 
the  New  York  Central  and  Hudson  Kiver  Eailroad,  has  for  several 
years  been  using  the  same  bridge  floor  as  the  one  here  presented,  but 
he  has  used  it  with  lattice  girders  and  ballast. 

The  writer  is  not  iDrejaared  to  advise  the  use  of  a  solid  floor  (with 
or  without  ballast)  for  all  short  spans  and  all  classes  of  traffic,  as  the 
expense  will  be  comparatively  large,  and  a  projierly  designed  deep 
floor  with  timber  decking  in  good  order  is  fairly  secure.  He  believes 
the  time  will  soon  come  when  wooden  cross-ties  will  be  abandoned  on 
all  metallic  bridges,  and  that  all  short  spans  will  have  solid  floors, 
though  not  necessarily  covered  with  a  layer  of  ballast.  In  bringing 
this  floor  before  the  Society  for  its  criticism,  faults  will  doubtless  be 
discovered,  possibly  grave  ones;  but  the  writer  trusts  that  the  paper 
may  be  found  worthy  of  careful  discussion  and  feels  certain  that  no 
engineer  will  find  the  time  "wasted  "  which  he  devotes  to  the  study 
of  thin  floors. 

Description  of  Plans. — We  will  now  pass  to  a  description  of  the 
proposed  plans  and  a  discussion  of  the  same.  Plate  LXI  gives  the 
general  elevation  of  a  150-ft.  truss  span,  with  details  of  connections, 
laterals,  portals,  etc.  Plate  LXII  shows  the  stringers,  jDedestals,  bed 
plates  and  expansion  rollers.  Plate  LXIII  shows  the  box  floor  complete 
for  the  full  span,  together  with  the  sub-pedestals,  really  a  part  of  the 
floor.  Plate  LXTV  shows  a  48-ft.  through  plate  girder  span,  with  floor 
and  bed  plates  complete.  In  both  of  these  the  extreme  distance  from 
base  of  rail  to  clearance  line  is  12  ins. 

Discussion  of  Plans. — Mr.  Thomson  in  his  practice  has  used  plate 
and  lattice  girders  almost  entirely.  The  details  will  generally  be  about 
the  same  in  lattice  spans  as  in  the  plans  proposed,  whether  they  be 
used  with  ballast  or  without.     In  passing,  the  wiiter  would  say  that 
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in  lattice  spans  miicli  trouble  TS'ill  no  doubt  be  found  in  making  the 
rivet  holes,  which  connect  the  box  floor  with  the  bottom  chords, 
coincide  with  the  regular  rivet  spacing  in  these  chords.  This  is 
especially  the  case  at  the  panel  points,  where  the  web  members  must 
also  be  cared  for.  Without  attemi^ting  in  any  manner  to  detract  from 
the  great  merit  of  the  lattice  girder,  which  the  writer  fully  recognizes, 
he  has  undertaken  to  adapt  this  thin  floor  especially  to  pin-connected 
spans  and  plate  girders,  believing  this  to  be  a  comparatively  new 
field. 

One  item  in  the  faith  of  those  who  believe  in  pin-connected  spans 
for  nearly  all  except  very  short  trusses,  is  that  a  pin-connected  bridge 
can  be  made  fully  as  secure  in  case  of  a  derailment  as  a  lattice  sjDan  of 
the  same  approximate  length  and  weight.  In  the  plans  under  discus- 
sion the  writer  has  attempted  to  make  a  span  which  will  meet  this 
requirement.  With  deep  stringers,  long  j^anels  and  a  solid  floor,  the 
two  types  should  show  but  little  difference  in  rigidity.  Under  derail- 
ment, one  of  the  best  features  in  lattice  spans  is  the  strength  gained  by 
the  riveted  intersections  of  the  web  members,  no  one  member  ever 
being  left  to  its  own  resources  in  case  of  attack.  In  the  present  plan 
this  is  attained  by  the  lines  of  horizontal  struts  extending  the  full 
length  of  both  trusses,  and  by  the  stringers,  which  give  the  advan- 
tages gained  by  a  stiff"  bottom  chord.  These  horizontal  struts  also  act 
as  guards,  keeping  derailed  cars  from  striking  the  web  members,  and 
they  also  take  the  place  of  collision  braces  at  the  end  posts.  The  two 
lines  of  struts  will  probably  not  cost  more  than  8-4  per  linear  foot  of 
bridge  ;  the  weight  will  be  about  110  lbs.  jjer  foot. 

The  bridge  is  designed  mainly  in  accordance  with  Mr.  Theodore 
Cooper's  sjiecifications,  and  for  the  rolling  load  used  by  the  Lehigh 
Yalley  Railroad.  The  material  used  is  generally  medium  steel,  made 
by  the  open  hearth  process.  In  the  plans  under  discussion,  the  main 
items  for  comparison  with  other  bridges  are  as  follows  : 

First. — The  trusses  can  be  assembled  and  coujiled  up  as  quickly  and 
easily  as  any  ordinary  pin-connected  work,  and  can  be  made  fully  as 
secure  in  case  of  sudden  loss  of  the  false  work. 

Second. — The  floor  of  the  truss  span  can  be  put  inT\-ithout  interrupt- 
ing traffic  any  more  than  is  done  for  ordinai-y  floors,  and  without  any 
more  danger  of  accident.  Holes  for  the  anchor  bolts  are  not  drilled  in 
the  stone  work  until  after  the  trusses  are  couiiled  up  and  the  floor  put 
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in  place.  The  end  or  abutment  sections  of  the  floor  must  be  placed 
before  tlie  j)edestals.  After  the  top  lateral  system  has  been  put  in  and 
bolted  up,  the  trusses  can  be  spread  enough  at  the  bottom  to  allow  the 
floor  sections  to  swing  in  between  the  stringers  from  below.  The  ped- 
estal can  be  made  to  slide  easily  upon  the  end  sections  of  the  box 
floor  already  placed.  With  proper  management  there  need  be  no  inter- 
ruption of  traffic,  as  the  false  work,  carrying  the  tracks,  can  be  taken 
out  one  panel  at  a  time,  and  the  floor  put  into  place  between  ordinary 
trains.  With  plate  girders,  the  better  jalan  will  be  to  erect  the  span 
complete,  on  light  false  work,  at  one  side  of  the  track,  and  then  to  slide 
the  span  over  into  position.  This  need  not  interrupt  traffic.  The  floor 
can,  however,  be  put  in  jiist  as  the  false  work  carrying  the  track  is  re- 
moved, by  rocking  the  tops  of  the  girders  outward  a  little  and  slipping 
the  floor  in  from  above. 

Third. — The  bridges  in  the  "Clyde  Viaduct"  were  finished  early 
in  the  s^^mmer  of  1890.  The  stiff  bottom  chords  of  the  truss  spans  re- 
quired a  large  number  of  field  rivets  in  the  sjilices,  and  the  floor  was 
hard  to  crowd  into  place.  The  bottom  of  the  trusses,  at  mid-span, 
had  to  be  crowded  outward  some  5  ins.  to  let  the  floor  in.  This 
work,  erected  and  painted,  cost  about  4^  cents  per  pound ;  the 
erection  and  one  coat  of  paint  costing  the  railroad  comjiany  seA'en- 
tenths  of  a  cent  per  pound.  Judging  by  the  above,  the  writer  feels 
justified  in  claiming  that  the  pound  price  will  never  be  more  than  for 
ordinary  work. 

Fourth. — All  field  rivets  can  be  well  driven,  none  being  so  located 
as  to  make  heading  or  backing-up  at  all  difficult.  The  field  rivets  are 
all  J  in.  in  diameter  and  are  generally  short.  Under  the  head  of 
"  Field  Riveting  "  it  may  be  well  to  note  the  increased  number  of  field 
rivets  per  foot  of  bridge,  due  to  the  solid  floor,  and  also  to  compare 
the  total  number  per  foot  of  span  with  those  in  a  few  lattice  girders 
of  which  the  writer  has  a  record. 

In  the  truss  span  there  are  24  field  rivets  per  foot  of  bridge;  in 
the  box  floor  and  its  connections  with  the  stringers  there  are  15 
field  rivets  per  foot  of  bridge.  The  field  rivets  in  the  stringer  cross- 
frames,  floor  beams,  and  stiff  bottom  laterals  (omitting  side  stringers), 
for  an  ordinary  floor,  would  be  between  three  and  four  per  foot ;  calling 
it  three,  we  have  12  field  rivets  per  foot  of  bridge,  as  the  increase 
caused    by    the   solid    floor.      The   48-ft.    plate   girder   has   16  field 
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rivets  per  foot  of  span ;  tlie  increased  number  due  to  the  floor  being 
about  12  as  before.  The  field  rivets  per  foot  of  span  in  some  lattice 
girders  are  as  follows  : 

One  186f-ft.  span  has  60.  One  110-ft.  span  has  35. 

"     155i-ft.  "      "     55.  "       90-ft.      "      "34. 

"     141-ft.  "      "42  (about).           "       70-ft.      "      "30. 

"     125-ft.  "      "34. 

All  of  the  above  are  single  track  through  spans,  and  the  field  rivets 
are  J  of  an  inch  in  diameter. 

Fifth. — Aside  from  the  box  floor  (see  discussion  of  Floor),  there  will 
be  but  little  exposed  surface  which  cannot  be  painted  after  erection,  no 
more,  in  fact,  than  in  any  ordinary  bridge,  whatever  the  form  of  truss. 

Sixth. — With  the  exception  of  the  floor,  all  parts  of  the  work  can  be 
easily  examined  to  see  how  structures  are  wearing. 

Seventh. — -The  eccentric  loading  of  the  posts,  due  to  the  attachment 
of  the  stringers,  while  as  fully  provided  for  as  in  the  best  work,  may  be 
said  to  fall  shoi-t  of  our  ideal.  There  are  enough  diaphragm  plates  to 
carry  the  proper  proportion  of  the  loading  from  the  inner  to  the  outer 
channels  of  the  posts,  and  the  pin  plates  are  sufficient  for  the  pin 
bearing  required,  without  counting  the  large  i-in.  plate  on  the 
track  side  of  the  post.  It  might  be  well  to  have  the  pin  hole  in  this 
plate  elongated  somewhat  to  prevent  its  carrying  any  load  directly 
to  the  pin.  Plate  hangers  could  be  used  for  supjiorting  the  stringers; 
this  would  entirely  do  away  with  any  possible  trouble  from  the 
eccentric  loading,  but  it  would  make  the  floor  a  little  more  irreg- 
ular. 

Eighth. — In  case  of  accident,  the  truss  members  can  be  repaired  or 
renewed  as  easily  as  in  any  ordinary  structure. 

Ninth. — There  are  no  features  Avhich  are  more  objectionable,  from  an 
artistic  point  of  view,  than  our  best  truss  spans  show. 

llie  Flo')r. — Solid  or  box  floors  of  various  kinds  have  been  used  for 
many  years  in  Great  Britain  and  on  the  European  Continent.  Some 
of  the  heaviest  and  most  expensive  structures  biailt  of  late  years  have 
solid  floors  and  ballast.  Judging  from  its  general  use  in  Europe,  we 
may  assume  that  there  are  good  reasons  for  adopting  the  solid  floor  in 
some  form,  in  spite  of  the  question  of  the  cost,  the  uncertain  distribu- 
tion of  the  load,  and  the  danger  from  rust. 
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In  the  Transactions  of  the  Society  of  Engineers  (London,  Eng.) 
for  1887,  there  is  a  long  and  very  interesting  paper  on  "Bridge  Floors, 
Their  Design,  Strength  and  Cost,"  by  Mr.  Edmund  Olander.  Abstracts 
from  this  paper  were  piiblished  in  the  Engineeri7ig  News  and  Railroad 
Gazette  during  1888.  In  this  pajier  10  styles  of  solid  floor  are  taken  for 
discussion  and  numbered  in  the  order  of  their  moments  of  resistance. 
Nine  of  these  floor  sections  are  shown  on  page  491,  which  were  roughly 
sketched  from  the  drawings  given  in  the  above  paper.  The  tenth  section 
was  a  pair  of  "  Barlow  rails  "  and  was  not  used  in  the  comparison. 
"These  sections  are  reduced  to  one  common  weight  per  square  foot 
of  actual  area  covered,  or  as  nearly  so  as  practicable;  they  are  also 
of  the  same  depth,  except  No.  8,  i.  e. ,  7  ins. ,  and  are  symmetrically 
formed  above  and  below  the  neutral  axis."  No.  1  is  an  ideal  section, 
and  was  introduced  by  Mr.  Olander  for  comparison  only.  No.  2  is 
patented,  but  little  used.  No.  3  is  Lindsey's  patent  floor  and  is  made 
from  4  to  12  ins.  deep.  No.  8  is  Baillie's  patent  floor.  Floor  sec- 
tions rolled  in  this  country  by  two  firms  are  similar  to  the  No.  3 
above. 

In  America  the  floor  used  for  deck  sj^ans  and  where  the  clear  width 
of  the  bridge  is  not  too  great,  is  the  section  No.  3  (known  here  as  the 
Pencoyd  "  B  "  section).  For  the  very  heavy  rolling  loads  now  used,  the 
above  section  is  too  shallow  when  spans  are  over  10  ft.  wide,  and  the 
section  No.  9  is  generally  adopted.  Mr.  Olander  ranks  this  section  No. 
9  as  the  lowest  in  his  list,  it  having  the  largest  number  of  rivets  and 
the  lowest  moment  of  resistance. 

The  writer's  reasons  for  adopting  section  No.  9  are  as  follows  : 

First. — For  through  bridges  the  box  floor  must  be  suspended  (on 
account  of  scant  head  room),  which  makes  vertical  webs  necessary. 

Second. — A  floor  is  reqiiired  in  which  the  width  and  depth  of  the 
boxes  can  be  easily  varied. 

Third. — In  section  No.  4  there  are  channel  bars,  the  jarice  of  which 
is  usually  controlled  by  a  pool.  In  section  No.  5  there  are  'Z.-hax?, 
which  are  not,  at  present,  rolled  as  deep  as  is  necessary  for  our  floor. 
At  the  present  price  of  material  there  is  a  probable  difl'erence  of 
TTu  of  a  cent  per  pound  between  an  11-in.  rolled  Z-bar  and  the 
material  for  a  Z-bar  to  be  built  up  ;  this  difl'erence  should  more  than 
pay  for  riveting  the  built  Z  and  the  loss  of  area  from  rivet  holes.  The 
other  sections  are  patented,  and  therefore  not  so  desirable. 
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Distribution  of  Load. — Undoubtedly  in  a  solid  floor  the  most  im- 
portant question  to  be  settled  is  the  distribution  of  the  heavy  wheel 
loads.  Comparatively  few  experiments  have  been  made  to  determine 
the  power  of  a  box  floor  to  distribute  wheel  loads.  The  manufacturers 
of  the  Baillie  and  Lindsey  floors  have  made  a  good  many  experiments 
upon  their  sections,  but  for  the  square  boxes  there  have  been  but  few. 
The  writer  believes  there  have  been  several  serious  derailments  and 
collisions  upon  bridges  in  this  country,  having  solid  floors  similar  to 
the  one  being  discussed,  but  he  has  no  record  of  them.  Perhaps  this 
record  may  be  obtained  in  the  further  discussion  of  this  paper.  "When 
the  "  Clyde  Viaduct  "  was  finished,  somewhat  crude  experiments  were 
made  to  determine,  if  possible,  from  the  deflections,  what  could  be 
assumed  as  the  length  of  distribution.  A  60-ft.  plate  girder  span 
over  a  street  and  some  15  ft.  above  its  level,  was  taken  for  the  tests. 
The  main  girders  were  15  ft.  2  ins.  between  centers  ;  the  floor  was 
12  ins.  deep  over  covers  and  11 J^  ins.  wide  between  centers  of  web 
plates.  The  flanges  had  3  x  3  x  |-in.  angles  and  ^-in.  cover  and  web 
l^lates.  A  ten-wheel  engine,  having  about  93  000  lbs.  on  three 
driver  axles,  was  used  for  the  tests,  and  the  deflections  were  taken  on 
the  webs  of  the  16  boxes  nearest  mid-span.  Fine  wires  were  attached 
to  the  webs  of  the  boxes,  exactly  under  the  middle  of  the  track, 
and  extended  down  into  a  long  box  of  colored  liquid  in  which  they 
swung  clear.  The  wires  had  iron  weights  and  small  smooth  strips 
of  pine  fastened  at  their  lower  ends,  so  placed  that  the  stains  left  on 
them  indicated  the  deflections  of  the  boxes.  Wires  were  also  fastened 
to  the  main  girders  and  their  deflections  taken.  In  order  to  protect  the 
wires  from  the  strong  wind  blowing,  a  heavy  piece  of  canvas  reaching 
from  the  ground  to  the  girders  was  drawn  across  two  stakes  and  fast- 
ened at  the  top  and  bottom.  The  track  was  laid  with  even  joints 
(66-lb.  rails),  one  of  these  being  almost  exactly  over  the  middle  of  the 
span.  The  deflections  as  recorded  necessarily  include  the  total  for  the 
girders  and  flooring,  and  can  only  be  used  to  show  the  relative  distri- 
bution of  the  load.  In  this  span  the  base  of  rail  was  1  in.  above  the 
top  of  the  boxes,  while  in  the  plans  submitted  with  this  paper  it  is 
only  i  of  an  inch. 

Experiment  No.  1.  The  splice  bars  were  taken  from  the  rail  joints 
at  the  middle  of  the  span,  and  the  engine  was  stopped  on  the  bridge, 
with  the  middle  driver  over  them,  the  pilot  being  toward  the  left  in 
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the  sketch.  After  10  minutes  the  engine  was  removed  and  the  deflec- 
tions recorded,  except  at  A,  B  and  C.  Deflection  of  main  girders  was 
3^/  of  an  inch. 

Experiment  Xo.  2.  Rail  splices  as  before.  The  engine  was  run 
over  the  bridge  at  a  speed  of  about  15  miles  per  hour.  Deflection  of 
main  girder  -i\r  of  an  inch  (full). 

Experiment  ]No.  3.  Rail  splices  were  rejDlaced  and  the  engine  was 
Tun  over  the  bridge  at  a  speed  of  20  miles  per  hour.  Deflection  of 
main  girders  |  of  an  inch  (scant). 

These  experiments  are  shown  in  the  following  diagram. 

Exn6.rinte.YLtrs   1-Z&^.     CCiicLeWicLcL-uct. 
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The  deflections  were  measured  with  a  scale  reading  to  sixteenths 
of  an  inch  and  the  odd  -3-2  in.  cannot  always  be  dejiended  on.  At 
"the  time  the  tests  were  made  the  trestle  approaches  to  the  girder 
span  were  only  partially  filled  in,  and  the  track  was  too  rough  for  fast 
Tunning. 

Experiments  made  upon  several  sections  of  solid  floor,  riveted 
together,  as  recorded  by  Mr.  Olander,  clearly  indicate  that  his  assump- 
tions, regarding  the  distribution  of  concentrated  loads,  were  on  the 
safe  side.  The  tests  of  flooring,  similar  to  Nos.  6  and  8  on  the  sheet  of 
floor  sections,  were  about  as  follows :  * 

First. — No.  6.  The  section  tested  was  the  same  as  No.  6,  but  a 
little  heavier.  The  box  was  7  ins.  deep  ;  the  splayed  channel  sections 
6  ins.  wide  on  the  flat  and  i  in.  thick;  the  diagonal  webs  1%  of  an  inch 
thick.  The  weight  per  square  foot  of  area  covered  was  29.7  lbs.  and 
the  moment  of  resistance  of  one  box  26.28.     Two  sections  [Z^  lin.  ft.), 

*  These  two  tests,  and  the  description  of  the  sheet  of  floor  sections,  are  given  as  nearly 
as  may  be  in  the  words  of  Mr.  Olander  in  his  paper. 
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riveted  together,  were  placed  on  supports  14  ft.  apart  in  the  clear. 
A  load  of  14  016  lbs.  suspended  at  the  center  gave  a  deflection  of  ^.^  of 
an  inch.  This  gives  a  working  strain  of  11  200  lbs.  After  this,  further 
weights  were  roughly  thrown  onto  the  slings  until  the  crippling  weight 
of  68  200  lbs.  was  reached,  when  the  deflection  at  centre  was  Sjtf  ins. 

Second. — No.  8.  The  section  of  trough  tested  was  similar  biit  some- 
what heavier  than  that  shown  as  No.  8,  but  was  of  the  same  form.  It 
was  Tjf  ins.  deep,  -/,r  in.  thick,  and  the  fixates  were  12  instead  of  10 
ins.  as  shown  for  regular  section  No.  8.  This  floor  had  an  efi'ective 
area  of  S-j-u  sq.  ins.;  an  effective  depth  of  6.85  ins.;  a  moment 
of  resistance  of  35.6  per  flute  and  weighed  28^-  lbs.  per  square  foot 
of  area  covered.  A  length  of  floor  was  laid  with  longitudinal  sleepers 
and  rails;  the  clear  span  was  15  ft.,  and  the  whole  was  supported  by 
timber  blocking  roughly  laid  on  the  ground.  Two  pairs  of  car  wheels 
were  placed  upon  the  track  7  ft.  apart  centers,  and  their  axles  loaded 
with  bar  iron.  An  assumed  working  load  of  some  77  300  lbs.  was 
roughly  deposited  upon  the  axles  of  these  wheels  (4  ft.  8|  ins. 
gauge),  each  of  the  four  points  receiving  the  f-ame  proportion  of  the 
load.  When  the  above  load  was  reached  a  deflection  of  -/a  of  an 
inch  was  noted.  (Mr.  Olander  thinks  the  actual  deflection  would 
not  have  been  more  than  ^  of  an  inch  under  the  above  load  if 
the  supports  had  been  masonry  or  something  unyielding.  The 
timber  blocking  sank  under  the  loading,  or  the  pieces  settled  closer 
together,  which  increased  the  recorded  deflection,  as  the  gauge  was  not 
affected. ) 

When  ballast  is  not  used,  the  English  practice  has  been  to  put  5  to 
8-in.  longitudinals  across  the  top  of  the  boxes,  under  the  rails;  by 
this  method  there  are  no  cross-ties  to  give  additional  strength.  The 
ordinary  practice  has  been  to  assume  that  the  length  of  the  uniform 
distribution  of  any  wheel  load  would  be  the  distance  between  the  axles 
of  the  wheels.  In  the  paper  previously  referred  to,  the  locomotive  used 
has  about  72  000  lbs.  on  two  driver  axles  7  ft.  apart  centers,  and 
the  load  is,  therefore,  assumed  as  uniformly  distributed  over  a  length 
of  7  ft. 

In  this  paper  the  tyjiical  engine  assumed  for  the  rolling  load 
has  80  000  lbs.  on  two  axles  4^  ft.  between  centers,  or  100  000  lbs.  on 
two  axles  7  ft.  between  centers.  (Ten-wheel  engines  are  now  run- 
ning on  one  Eastern  road,  in  which  the  driving  axle  loads  are  over 


I 


ROBINSON   ON   THIN   FLOORS  FOR   BRIDGES.  495 

38  000  lbs.  each. )  In  accordance  with  ordinary  practice,  the  writer 
would  be  justified  in  using  4^  ft.  as  the  length  over  which  one  axle 
load  of  40  000  lbs.  is  distributed,  or  7  ft.  for  50  000  lbs.  Four  boxes  of 
flooring  will  cover  a  length  of  4  ft.  2  ins.,  and  the  writer  has  taken 
this  as  the  length  over  which  the  40  000-lb.  axle  load  is  distributed. 
Under  the  above  assumptions,  the  maximum  bending  moment  for  the 
total  loading  on  four  boxes  is  1  362  200  inch-pounds;  the  moment  of 
resistance  for  four  boxes  is  173,  and  "  C  "  or  the  extreme  fiber  strain,  is 
aboiit  7  900  lbs. ,  net.  Counting  the  maximum  loading  as  being  dis- 
tributed over  but  three  boxes,  the  end  reaction  will  be  9  200  lbs.  per 
box,  or  sufiicient  for  three  j-in.  iron  rivets.  The  writer  uses  four 
steel  shop  rivets  or  five  field  rivets  for  the  end  of  each  box. 

If  stone  ballast  is  used  on  the  above  floor,  an  extreme  fiber  strain  of 
10  000  lbs.  will  not  be  excessive  for  the  medium  steel  iised.  While 
•exj^eriments  to  determine  the  exact  distributing  jaower  of  solid  floors 
have  not  been  numerous,  the  floors  have  given  entire  satisfaction  where 
used.  The  writer  has  heard  of  no  case  in  which  they  have  failed  on 
account  of  want  of  strength,  even  when  theoretically  overloaded.  In 
view  of  all  this,  he  feels  warranted  in  making  the  above  assumj^tion  as 
to  distribution  of  load.  In  the  floor  under  discussion  the  base  of  rail 
is  but  i  of  an  inch  above  the  top  of  the  boxes,  and  this  will  make  the 
rail  bearing  almost  continuous.  Under  service  the  cross-ties,  by  their 
beam  action,  will  reduce  the  length  of  the  moment  arm,  which  in  these 
plans  has  been  taken  as  the  distance  from  the  rail  to  the  end  of  the  con- 
nection between  the  boxes  and  stringers. 

In  ordinary  bridge  designing  it  is  customary  to  assume  that  the  rails 
will  distribute  the  wheel  loads  over  at  least  three  ties.  The  ties  in 
the  solid  floor  are  spaced  about  the  same  distance  apart  as  an  ordinary 
roadway  and  have  a  10-in.  bearing  face  instead  of  7-in.,  as  in  ordi- 
nary road  ties.  The  writer  has  carried  the  ties  on  bent  plates  riveted  to 
the  upper  flanges  of  the  boxes,  thus  leaving  a  clear  air  space  of  several 
inches  below  them.  If  desired,  a  concrete,  made  of  crushed  coke  mixed 
with  asphaltic  cement,  can  be  used  for  tilling  the  troughs  sufficiently  to 
carry  the  ties.  This  concrete  will  weigh,  when  dry,  about  65  lbs. 
per  cubic  foot.  *  When  the  ties  are  supported  in  this  manner,  felt  paper 
may  be  placed  next  to  the  metal  under  the  concrete.    Under  service,  the 

*  A  filling  somewhat  like  the  floor  arches  used  in  fiie-proot  buildings  might  also  be  used. 
The  increased  weight  per  linear  foot  of  track  for  this  should  not  be  over  about  200  pounds, 
or  a  little  lebs  than  with  the  concrete  above  noted. 
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metal  work  below  the  ties  may  be  protected  from  moisture  by  pouring^ 
hot  coal  tar  into  the  cracks  between  the  concrete  and  metal.  Experi- 
ence will  soon  show  how  often  this  should  be  ai^plied,  but  it  would 
be  a  small  item  in  the  maintenance  charges,  if  used  quite  frequently. 

In  case  of  derailment  we  have  a  clear,  even  floor  for  the  wheels  to 
roll  ujion,  the  ties  cannot  possibly  be  forced  out  of  place,  and  the  upper 
cover  plates,  presenting  only  about  6  ins.  in  v/idth,  unsupported  by 
the  flange  angles,  can  hardly  fail.  Of  course  inside  guard  rails  are  to 
be  used,  though  not  shown  on  the  plans,  and  also  re-railing  guards  at 
the  ends  of  the  bridge. 

Life  of  Floor,  Weigld  and  Cost. — The  shop  rivets  in  the  floor  (ex- 
cepting sub-pedestals)  can  be  machine  driven,  and  by  using  proper 
care  in  painting  the  parts  coming  together  the  floor  can  be  made 
water-tight.  There  is  almost  alwaiys  a  current  of  air  across  the  bridge, 
through  the  floor  boxes  under  the  ties,  and  this  will  soon  dry  out 
the  soil,  coal,  or  other  fine  material  that  may  find  its  way  to  the  bottom 
of  the  boxes.  The  floor  will  drain  itself  completely,  and  the  current  of 
air  beneath  the  ties  will  protect  them  from  decay  besides  drying  uj^ 
any  moisture  that  may  gather  in  tie  seats.  Before  the  floor  is  riveted 
up  at  the  shops,  the  parts  coming  together  should  be  painted  two  coats, 
the  first  one  being  dry  when  the  parts  are  bolted  up.  The  entire  floor 
should  have  two  good  coats  of  some  liquid  asphaltic  paint  before  ship- 
ment and  two  after  receipt  at  the  bridge  site;  one  of  these  being  aftex* 
erection.  This  should  make  the  floor  a  lasting  one.  It  can  be  jiaiuted 
during  operation  by  loosening  the  guard  rails  and  raising  the  ties  onto 
the  boxes  while  the  troughs  are  being  painted. 

So  far  as  their  practical  strength  goes,  the  ties  might  be  cut  at  the 
middle  and  held  together  by  iron  spike  clamps  driven  into  the  upper 
faces.  When  the  ties  are  used  in  half  lengths  they  can  be  renewed  with- 
out removing  rails,  by  blocking  the  old  ties  up  on  to  the  boxes.  When 
full  length  ties  are  used,  the  rails  must  be  taken  up  for  renewing  the 
ties.  It  is  expected  that  all  the  ties  will  be  run  through  a  surfacer  and 
be  brought  to  the  exact  thickness  called  for,  so  that  no  sizing  will  be 
needed.  The  end  cuts  for  housing  guard  timbers  can  also  be  made  at 
the  mill.  The  surfacing  and  tenoning  of  ties  can  usually  be  more 
cheaply  done  at  a  mill  than  by  hand  in  the  field,  and  always  much 
better  done.  Little  if  any  fitting  of  ties  should  be  needed  at  the  bridge 
site. 
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The  floor  is  made  up  of  two  sizes  of  plates  and  one  of  angles; 
these  can  always  be  quickly  obtained  at  low  rates.  The  manufacture 
is  not  troublesome,  if  fully  understood,  and  it  should  not  be  expensive, 
A  member  of  one  of  our  large  bridge  companies  informed  the  writer 
he  thought  this  floor  could  at  present  be  furnished  f.  o.  b.  at  the  shops, 
for  about  2 J  cents  per  pound. 

The  weight  of  the  floor  will  vary  with  the  width  and  depth  of  the 
boxes,  ^and  the  probable  economical  limits  will  be  from  820  to 
850  lbs.  per  linear  foot  of  track.  In  the  plans  under  discussion, 
the  floor  for  the  plate  girders  will  weigh  about  830  lbs.  per  foot 
(estimated  weight  of  the  floor  is  41  700  lbs.),  and  the  floor  of  the 
truss  span  will  weigh  about  835  lbs.  per  foot  of  track,  omitting  the 
extra  weight  of  sub-pedestals.  For  the  truss  span  a  deep  floor  with 
four  lines  of  stringers  and  angle  laterals  would  weigh  about  680  lbs. 
per  foot,  counting  end  beams  and  stringer  cross  frames. 

Probable  Cost  of  Bridge. — Will  the  increase  in  weight  over  the  same 
class  structure  with  an  ordinary  deep  floor  be  sufiicient  to  rule  out  our 
structure  on  the  score  of  high  first  cost?  Let  us  see.  A  very  thin 
floor  made  of  beams  and  stringers  will  probably  weigh  somewhat  more 
than  the  same  floor  when  sufiicient  depth  is  allowed.  Side  stringers 
will  also  be  more  necessary  than  with  the  ordinary  deep  floor. 

Lbp. 
1st.  A   150-ft.    through   pin-connected   span  with 

deep  floor  will  weigh,  aj^proximately* 228  000 

Add  excess  due  to  stiff  laterals 1  400  lbs. 

Add  excess  due  to  post  brackets 1  700  " 

Add  horizontal  bracing  in  trusses 16  500  " 

Add  for  side  stringers 37  300  " 

Add  excess  due  to  four  panels  stiff  bot- 
tom chord 3  000  " 

59  900 


Total  weight  of  completed  span 287  900 

The  150-ft.  span  shown  in  plans  will  weigh 346  300 

Difference   58  400 

This  difference  between  the  two  spans,  which  is  due  to  the  floor,  is 
456  lbs.  per  linear  foot  of  span. 

*  The  writer  is  indebted  to  Mr.  A.  W.  Stedman,  Cbief  Engineer  Lehigh  Valley  Kailroad, 
and  the  Elmira  Bridge  Company  for  actual  shipping  weights  of  bridges  built  under  Cooper's- 
latest  specifications,  and  for  Lehigh  Valley  Company's  rolling  load. 
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Lb?. 

2d.  One  span  S.  T.  deck  plate  girders,  50  ft.  long 

over  all,  will  weigh 33  400 

Add  floor  for  through  span  (345  lbs.  per  foot) ...     17  250 

Aijproximate  weight  of  one  50-ft.  through  girder 

span 50  650 

If  side  stringers  are  used  add  100  lbs.  per  foot ....      5  000 

One  through  plate   girder,    50   ft.   over  all,  total 

estimated  weight  of 55  650- 

The  girder  span  shown   in  plans  (50  ft.   over  all) 

will  weigh  approximately 64  800 

Difference 9  150 

The  difierence  between  the  two  spans  is  183  lbs.  per  foot  of  track 
when  side  stringers  are  used  and  283  lbs.  when  they  are  omitted. 

The  especial  circumstances  controlling  each  case  must  determine 
whether  it  will  be  best  to  use  a  permanent  floor  similar  to  the  one  here 
presented,  or  the  excuses  usually  seen  when  such  shallow  floors  are 
demanded.  The  writer  believes  that  the  low  rate  "per  pound"  at 
which  this  floor  can  be  furnished  will  result  in  reducing  the  "pound 
prices"  on  a  complete  bridge  below  what  they  would  be  for  the  same 
structure  with  the  floor  made  in  the  ordinary  manner.  Especially 
will  it  be  the  case  when  erectors  have  become  familiar  with  this  class 
of  work. 

It  should  be  remembered  that  the  writer  is  not  advising  the  use  of 
this  particular  floor  for  any  places  except  where  the  head  room  is  lim- 
ited. "Where  there  is  sufficient  distance,  from  the  base  of  rail  to  clear- 
ance line,  to  allow  the  use  of  a  deep  floor,  it  may  be  best  to  use  lighter 
trough  sections  (similar  to  No.  3),  in  case  solid  floors  are  desired. 

In  closing,  the  writer  wishes  to  call  attention  to  the  common  faulty 
manner  of  arranging  the  ties  over  the  parapet  walls  at  the  ends  of 
bridges.  Usually  these  walls  are  finished  to  Avithin  6  or  8  ins.  of 
the  base  of  rail  and  the  ties  laid  directly  upon  the  masonry.  This 
is  one  of  the  most  fruitful  causes  of  accidents  on  bridges  and  nearly 
always  makes  a  rough  riding  spot  for  passing  trains.  These  ties  on  the 
parapet  walls  should  be  equalizers  between  the  ordinary  road  bed  and 
the  bridge.  There  should  be  no  appreciable  swing  or  lurch  to  a 
train  passing  to  or  from  a  bridge.  The  writer's  practice  has  been  to 
use  broad  thin  ties  for  these  places   and  to  fasten  them  upon  2-inch 
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blocks  -wliich  rest  upon  the  jjarapet  walls  and  are  about  7^  ft.  apart 
in  the  clear.  By  this  means  the  masonry  lasts  much  better  and  the 
track  rides  more  smoothly. 

The  following  table,  made  up  from  one  given  by  Mr.  Olander,  gives 
quantities  and  prices  for  the  floor  of  an  84-ft.  through  plate  girder 
span  as  built  in  England  three  or  four  years  ago,  and  shows  items  that 
may  be  of  interest : 

.  TABLE. 


Description  of  Flooes. 


Timberbaulks  8  inches  deep  \ 
and  cross-tie  girders  12  i- 
leet  apart 

Timber  baulis  10  inches  1 
deep  and  cross-tie  girders  I 
10  inches  deep  and  12  feet  [ 
apart J 


Barlow  rails,  concrete  and 
ballHSt 


Cross- girders  4  feet  apart,  i  | 
feet  planking    and  cross 
sleepers 

Cross-girders  4  feet  apart,  ] 
arched  iron  plates  /g-inch  ! 
thick  and  longitudinal  [ 
sleepers J 

Cross-Kirders  7  feet  apart,  1 
rail  bearers,  4-inch  plank-  I 
ing  and  longitiidinal  [ 
sleepers J 

Cross  girders  7  feet  apart,  "j 
rail  bearers,  flat  iron  ! 
plates,  asphalt  cinders  j 
and  chippings j 

Cross  girders  14  feet  apart,  ] 
rail  bearers,  4-inch  plank-  I 
ing  and  longitudinal  f 
sleepers j 

Corrugated  flooring  4  inches  | 
deep,  over  two  main  ^ 
girders,  10  feet  apart j 

Trough  flooring  7  inches  ] 
deep,  main  girders  16  feet  I 
apart,  type  of  section  No.  ( 
3 J 


Width 

of 

span 

c.  to  c. 


Feet. 
16 
15 
14 
13 

16 
15 
14 
13 

16 
15 
14 
13 

16 
15 
14 
13 

16 
15 
14 
13 

16 
15 
U 
13 

16 
15 
14 
13 

16 
15 
14 
13 

16 
15 
14 
13 

16 
15 
14 
13 


Weight  of 

flooring  and 

ballast. 


Per 
foot 
run. 


Lbs. 
992 
034 
876 
815 

1111 

1  044 

977 

912 

1868 
1749 
1  635 
1521 

1080 

1012 

945 

878 

1  275 
1  196 

1  118 
1037 

995 
941 
880 
818 

3  154 

2  950 
2  744 
2  536 

992 
912 
862 
813 

459 
426 
408 
388 

53S 
529 
502 
475 


Per 
square 
toot. 


Lbs. 
62.13 
62.35 
62  57 
62.78 

69.46 
69.65 
69.86 
70.14 

116.66 
116.74 
116.91 
117.10 

67.50 
67.55 
67.60 
67.65 

79.75 
79.80 
79.85 
79.90 

62.23 
62.87 
62.94 
62.99 

210.35 
210.86 
211.25 
2)1.30 

60.6 
60.87 
61.58 
62.62 


Per  foot  run  of  bridge. 


Pounds 
floor 
plates 


512 
480 
448 
416 


Cubic         Cubic 

feet  yards 

timbers,    concrete. 


Cost. 


232 
220 
207     j 
207 


320 
300 
280 
260 


30.98 

290 

31.77 

270 

32.72 

2.';o 

33.84 

230 

34.80 

434 

35.30 

407 

35.91 

380 

36.57 

349 

10.70 
10.00 
9.3 
8.7 

13.3 
12.5 
11.7 
10.9 


5.3 

5.0 
4.7 
4.3 


6.3 
5.6 
4.7 
4. 


5.3 
5.0 
4.7 
4.3 


0.16 
.15 
.14 
.13 


0.07 
.06 
.05 
.05 


10.63 
10.63 
9.39 
8.81 

12.95 
12.22 
11.49 
10.71 

11. 9T 
11.24 
10.46 
».73 

13.89 
13.14 
11.83 
10.71 

16.01 
15.19 
13.77 
12.56 

11.78 
11.24 
10.46 
9.72 

25  60 
24  19 
12. 7» 
21.41 

11.05 
10.42 
9.93 
9.93 

8.37 
8.32 
7.79 
7.30 

11.15 

10. 4& 

9.83 

9.15 
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DISCUSSION.* 


Geo.  S.  Morison,  M.  Am.  Soc.  C.  E.— I  have  twice  used  this  class 
-of  floor,  and  in  both  cases  I  iised  it  for  reasons  quite  different  from  any 
which  have  been  given  this  evening. 

I  used  it  on  a  bridge  in  the  City  of  Omaha,  between  the  Missouri 
Kiver  Bridge  and  the  passenger  station.  This  bridge  originally  carried 
seven  tracks.  I  think  it  now  carries  thirteen.  Its  location  is  such 
that  it  was  desirable  to  be  able  to  lay  tracks  upon  it  in  any  j^osition, 
.and  it  was  necessary  to  have  a  tight  floor  over  the  street.  There  was 
abundant  height ;  and  the  bridge  as  built  consists  of  plate  girders, 
placed  6  ft.  between  centers  on  which  is  laid  a  corrugated  iron  floor 
made  of  the  trough-shajjed  sections  now  rolled  by  the  Pencoyd  Iron 
"Works  after  patterns  prepared  by  me  for  this  particular  bridge.  The 
troughs  were  tilled  with  concrete  and  the  floor  was  covered  with 
ballast.  I  doubt  whether  the  yardmen  now  know  that  any  such 
iDridge  exists. 

The  other  case  was  the  bridge  across  the  Willamette  River  at  Port- 
land, Ore.  The  question  here  was  a  very  different  one.  The  bridge 
had  to  cross  a  river  on  which  navigation  is  excessive,  so  much  so  that 
the  draw  in  this  bridge  has  on  more  than  one  occasion  been  opened  a 
[hundred  times  in  twenty-four  hours.  The  river  here  was  a  little  more 
than  600  ft.  wide  between  wharf  lines.  Three  hundred  feet  west  of 
the  west  wharf  line  was  a  street,  the  established  grade  of  which  was 
the  same  as  high  water,  and  immediately  west  of  the  street  were  the 
xlepot  grounds  which  our  tracks  had  to  reach.  The  street  must  be 
crossed  either  at  grade  or  at  least  12  ft.  above  it.  If  the  latter  alter- 
native was  chosen  the  entire  depot  grounds  would  have  to  be  raised  to 
Ihis  level.  If  the  street  was  crossed  at  grade  the  height  at  which  the 
Tail  could  be  placed  on  the  bridge  was  limited  by  the  ascent  that  could 
be  made  in  300  ft.  I  determined  to  cross  the  street  at  grade  and  to 
j)ut  the  superstructiire  of  the  bridge  as  close  to  high  water  as  I  dared. 

The  bridge  as  built  consists  of  a  single  fixed  span  300  ft.  long  and 
a  draw  340  ft.  long,  these  two  spanning  the  whole  width  of  the  river. 
The  trusses  are  divided  throughout  into  j^anels  of  20  ft.  each,  and 
the  bridge  is  a  double-deck  bridge  carrying  a  railroad  floor  on  the 
lower  chord  and  a  highway  floor  in  the  middle.  The  bottom  chord 
was  made  stiff  throughout.  The  floor  consists  of  trough-shaped  sec- 
tions of  basic  steel  rolled  in  England  and  is  fastened  only  to  the  inside 
webs  of  the  chord.  The  inside  and  outside  webs  are,  however,  con- 
nected by  diajjhragms  at  short  intervals,  so  that  the  outside  webs  do 
their  duty  in  carrying  the  weight.  The  sections  as  rolled  did  not  cor- 
respond exactly  to  any  divisor  of  the  length  of  panel,  and  fillers  were 
j)ut  in  the  riveted  joints  between  the  troughs  so  as  to  correct  this  dis- 
*  Mr.  Robinson's  closing  discussion  will  be  printed  in  the  December  number. 
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tance.  In  each  trough  was  placed  a  tie,  reaching  the  whole  length  of 
the  trough,  and  deep  enough  to  jjlace  the  bottom  of  the  rail  about  half 
an  inch  above  the  tops  of  the  intermediate  corrugations.  The  side 
plates  of  the  chord  are  24  ins.  deep,  and  the  bottom  of  the  rail  is 
about  18  ins.  above  the  lowest  point  in  the  rivet  heads  of  the  chord. 
This  made  a  very  heavy  floor  and  heavy  chords.  Both  the  fixed  span 
and  the  draw  are  very  heavy  structures. 

At  the  time  this  bridge  was  built  I  could  find  no  evidence  of  any 
extreme  flood  in  the  "Willamette  Eiver  which  was  not  due  to  back  water 
from  the  Columbia  River,  and  consequently  was  not  accompanied  by  a 
current.  The  highest  Willamette  flood  of  which  I  had  any  record  would 
have  given  nearly  10  ft.  clearance  beneath  the  floor.  I  considered,  how- 
ever, the  danger  of  boats  striking  the  bridge  in  this  i^osition  so  great 
that  unusual  precautions  should  be  taken  to  prevent  injury,  and  the 
adoption  of  the  corrugated  floor  was  not  merely  for  the  purpose  of 
getting  the  track  as  low  as  possible,  but  for  making  the  whole  bottom 
of  the  bridge  a  horizontal  plate  girder  which  could  stand  blows  at  any 
place. 

Within  a  year  of  the  completion  of  this  bridge,  a  flood  occurred  in 
the  Willamette  River,  which  was  due  entirely  to  the  discharge  of  that 
river,  and  in  the  upi^er  portion  of  the  City  of  Portland  was  the  highest 
flood  that  had  ever  been  known.  As  the  fall  of  the  river  was  rapid  and 
the  bridge  is  in  the  lower  jjart  of  the  city,  this  flood  at  the  bridge  line 
did  not  reach  the  level  of  the  highest  j^revious  back-water  flood,  but 
was  only  about  a  foot  lower.  The  draw  was  kept  closed  during  the 
flood,  the  turn-table  was  submerged,  the  pile  fender-work  above  the 
pivot  jiile  was  washed  away.  The  current  was  at  least  8  miles  an 
hour.  The  water  was  so  near  the  chords  that,  where  the  piers  obstructed 
the  current,  it  dashed  over  the  floor.  There  was  a  great  deal  of  drift, 
much  of  it  very  large  trees,  the  roots  and  branches  of  which  were  sheared 
off  by  this  bridge  ;  so  many  trees  struck  the  chord  that  when  I  next 
visited  it  I  could  see  along  nearly  the  whole  length  slivers  and  sjilinters 
under  every  rivet  head.  The  fixed  span  was  fastened  at  both  ends,  the 
river  end  resting  on  an  iron  cylinder  pier  supported  by  piles  which  at 
the  height  of  the  flood  stood  in  about  100  ft.  of  water;  the  spring  of  this 
pier  takes  up  the  expansion  of  the  metal.  Any  ordinary  truss  bridge 
would  have  been  destroyed,  but  the  strength  of  the  horizontal  jDlate 
girder  which  formed  the  floor  of  this  bridge  saved  it  and  it  was  entirely 
unhurt.  I  have  some  doubt  whether  a  bridge  like  the  one  proposed  by 
Mr.  Robinson,  which  is  really  a  pin-connected  truss  with  an  independ- 
ent corrugated  floor  attached,  would  have  stood  that  flood  as  well  as 
the  one  Avhich  we  built. 

IT.  C.  Clakke,  M.  Am.  Soc.  C.  E. — This  is  a  very  interesting  paper 
and  considers  the  subject  from  two  points  of  view  besides  that  of 
thickness,  one  that  of  floors  made  of  material  not  requiring  renewal,  the 
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other  that  of  floors  in  which  the  noise  can  be  deadened.  It  would  be  an 
excellent  thing  if  we  could  get  a  lighter  material  than  ordinary  ballast. 
The  writer  speaks  of  a  concrete  in  which  coke  takes  the  place  of  stone 
in  cement,  but  if  ties  were  laid  upon  that,  it  would  make  doubtless 
too  solid  a  bearing  ;  there  would  not  be  the  elasticity  we  need.  When 
the  rails  are  put  directly  upon  the  iron,  without  the  intervention  of 
wood,  there  is  always  a  disagreeable  noise,  a  vibration  ;  therefore,  it 
seems  to  me  the  best  i^lan  is  that  of  the  New  York  Central — jjiitting 
in  a  ballast  and  putting  the  tie  in  that.  A  ballast  was  used  on  the 
Chicago  and  Alton  road  made  of  burned  clay,  but  the  objection  to 
it  was  that  after  awhile  the  jjarticles  of  burned  clay  became  ground 
together  and  a  great  deal  of  dust  was  formed. 

On  the  elevated  railway  in  Liverpool,  which  is  just  being  finished, 
they  are  xising  a  floor  different  from  any  of  those  the  writer  has 
illustrated,  in  which  the  rails  are  jjlaeed  upon  a  wooden  stringer,  as 
Mr.  Morison  has  pointed  out. 

G.  Levekich,  M.  Am.  Soc.  C.  E. — A  cursory  examination  of  this 
paper  and  the  accomi^anying  plates,  particularly  Nos.  LXI  and  LXIII, 
leads  to  these  queries : 

First. — Would  not  a  large  saving  of  material,  as  well  as  a  greater 
certainty  how  the  imposed  stresses  act  in  the  lower  members  of  the 
truss  shown,  result  from  combining  the  lower  linked  chord  with  the 
suspended  riveted  girder  which  supports  the  unique  floor  system;  that 
is,  by  substitiiting  for  these  two,  a  single  stiffened  lower  chord,  fully 
capable  within  itself  of  resisting  the  tensive  and  transverse  stresses? 

Second. — Will  not  this  trough-like  floor  system  rapidly  corrode, 
particularly  when  on  the  upper  side  it  is  covered  with  ballast,  or  on  the 
lower  side  it  is  exposed  to  the  gases  from  locomotives  or  steam  vessels 
passing  underneath  the  structure,  or  in  localities  near  the  sea  where 
the  air  is  more  or  less  saline?  Again,  can  this  corrosion  be  surely  j^re- 
vented  by  any  paint  or  covering  api^lied  to  the  metallic  surfaces;  and 
may  those  charged  with  the  care  and  maintenance  of  such  structure 
be  certain  at  what  rate  and  to  what  extent  this  deterioration  is  going  on  ? 

The  last  query  applies,  more  or  less  pertinently,  to  most  designs  for 
metallic  bridge  floors,  including  that  for  the  Liverpool  Overhead  Eail- 
way,  referred  to  by  Mr.  T.  C.  Clarke.  Also,  in  this  last,  the  material 
is  necessarily  placed  unfavorably  to  resist  transverse  stresses.  The 
thin  plate,  i^^  of  an  inch  thick,  is  arched  with  2  ft.  6  in.  span  and  15-in. 
rise;  under  a  heavy  rolling  load,  the  arch  will  tend  to  flatten  and  the 
4^  X  3^  X  "iV-Id-  T»  which  forms  the  connecting  lower  chord,  to  move 
sidewise. 

Attention  is  called  to  the  flooring  underneath  the  roadways  of  the 
New  York  and  Brooklyn  Bridge  over  Prosj^ect  Street,  Brooklyn,  and 
on  a  grade  of  1.6%,  a  place  where  the  headroom  over  the  street  was 
limited.     It  consists  of  a  series  of  parallel  longitudinal  brick  arches, 
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of  3  ft.  6  in.  span  and  Sj-in.  rise,  laid  between  9-in.  rolled  iron  beams. 
The  arches  are  of  a  single  course  of  brick  4  ins.  thick,  and  backed  with 
concrete  If  ins.  thick  at  the  crown;  over  this  are  granite  paving  blocks 
7  ins.  deep,  upon  a  layer  of  clean,  coarse  sand,  about  i  in.  thick — the 
total  depth  from  spring  of  arches  to  the  upper  surface  of  the  ijaving 
beino;  about  16v  ins. 


Vehicles  have  jjassed  over  these  roadways  continuously  since  May 
^4:th,  1883,  often  carrying  the  heaviest  loads  moved  on  city  streets; 
and  in  one  case,  at  least,  20  tons  on  four  wheels,  or  from  6  to  7  tons  on 
each  of  the  two  hind  wheels.  Since  that  time  no  repairs  whatever 
have  been  necessary,  and  the  underside  of  the  arches  now  is  as 
clean  and  free  from  cracks  or  leakage  as  when  the  masons  removed 
the  centers. 

This  construction  was  designed  and  superintended  by  George  W. 
McNulty,  M.  Am.  Soc.  C.  E. 

J.  P.  Snow,  M.  Am.  Soc.  C.  E. — Thin  floors  are  oftentimes  called  for 
by  the  management  of  a  railroad,  by  town  committees,  etc. ,  when  fair 
depth  could  be  had  by  a  little  commoniilace  engineering.  Except  in 
towns  and  in  the  vicinity  of  important  structures,  I  have  very  nearly 
always  found  it  comparatively  easy  by  studying  the  jjrofile,  to  find  a 
way  to  raise  the  track  or  lower  the  highway  or  stream  so  that  a  reason- 
able floor  could  be  designed. 

One  frequeut  cause  of  unnecessarily  thin  floors  is  the  wide  difference 
that  sometimes  exists  between  the  designer  of  the  bridge  and  the  track 
dei)artmeut  of  the  railroad.  The  worst  ease  of  this  sort  that  ever  came 
under  my  observation  was  a  railroad  bridge  over  another  railroad, 
designed  by  a  bridge-building  comjiany  under  the  direction  of  the  Gen- 
eral Manager  of  the  railroad,  who  told  the  builders  that  the  track  could 
not  be  raised  nor  the  clearance  line  underneath  lowered.  The  bridge 
-was  built  with  the  same  depth  of  floor  as  the  old  structure,  but  mean- 
while, before  the  masonry  for  the  bridge  was  completed,  the  engineering 
department  of  the  road  was  reorganized,  and,  to  take  a  sag  out  of  the 
track,  the  grade  was  raised  10  ins.  There  was  no  help  for  the  shallow 
floor  and  the  additional  clearance  was  donated  as  a  free  gift  to  the 
lower  road.  The  10  ins.  thus  thrown  away  would  have  been  a  great 
boon  to  the  designers  and  a  great  benefit  to  the  bridge.     We  may  note 
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this,  in  passing,  as  an  argument  for  the  employment  of  bridge  designers 
as  a  part  of  the  regular  engineer  cordis  of  railroads. 

The  abolition  of  grade  crossings  in  towns  often  demands,  not  only 
the  thinnest  practical  floor,  but  a  tight  one  as  well.  For  these  cases 
solid  corrugated  floors  are  undoubtedly  the  best  solution,  although 
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valid  objections  can  be  urged  against  them.  Where  the  existing  con- 
ditions of  adjacent  property  will  admit  of  a  depth  of,  say  2  ft.  between 
base  of  rail  and  clearance  line,  I  prefer  a  floor  of  timber  ties  on  metal 
stringers,  and  will  confine  my  comments  to  this  class. 

In  truss  bridges  the  floor  beams  must,  of  course,  be  headed  into  the 
lower  chord  or  suspended  below  it.     I  prefer  the  latter  with  plate 
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hangers  riveted  to  the  chord.  This  rules  out  ere-bar  chords  for  cases 
of  restricted  floor  depth,  and,  although  I  consider  a  well-proportioned 
eye-bar  an  ideal  tension  member,  ■while  a  section  made  up  of  angle 
irons,  plates,  etc.,  punched  full  of  rivet  holes  is  not;  still,  where  we 
must  suspend  the  floor  beams,  I  would  use  the  built  section  for  a  bottom, 
chord.  The  sketch.  Fig.  1,  shows  a  detail  that  I  have  frequently  used 
with  satisfactory  results.  The  hanger  plates  are  slotted  and  the  hori- 
zontal flange  of  the  top  angles  of  the  floor  beam  cut  away.  It  is  ajipli- 
cable  to  both  pin  and  riveted  trusses,  with  the  proviso  that  the 
bottom  chord  be  always  riveted.  It  furnishes  a  rigid  bracket  for 
transferring  the  longitudinal  component  from  the  lateral  bracing  to  the 
chord,  and  it  gives  amj^le  room  for  hanger  rivets  in  the  four  uj^right 
angles  at  end  of  floor  beam.  I  have  used  it  in  many  highway  bridges 
over  the  tracks  when  the  headroom  was  limited,  and  find  no  difliculty 
in  cutting  away  the  top  floor  beam  angles  in  overhanging  sidewalks  of 
ordinary  width.  In  bridges  carrying  more  than  one  track  we  must  put 
a  truss  in  the  space  between  tracks,  and  we  must  in  all  cases  have 
short  i^anels.  All  of  these  things  add  to  the  cost  of  the  bridge  and. 
violate  the  prevailing  fashion,  but,  if  properly  proportioned,  do  not  de- 
tract from  the  efficiency  of  the  structure. 

The  sketch  shows  a  bridge  14  ft.  in  clear  width,  the  same  as 
mentioned  by  the  author ;  for  this  width  I  would  use  ties  11  ft.  long^ 
shown  in  Fig.  1.  Many  of  our  bridges  are  wider  than  this  and  admit 
a  12-ft.  tie.  The  principal  office  of  the  timber  on  the  ends  of  the 
ties  is  that  oi  a  spacer,  but  in  case  of  a  derailment  it  should  act  as  a. 
guard  as  well.  When  called  upon  to  act  in  this  latter  capacity,  it  must 
be  far  enough  from  the  truss  that  the  car  body  will  clear  it  whert 
the  wheel  is  against  the  guard  timber,  and  it  must  also  be  far  enough 
out  from  the  track  to  clear  the  snow  plow.  In  the  author's  design  it 
is  difficult  to  see  the  use  for  the  12-in.  timber  on  the  ends  of  the  ties, 
for  the  ties  need  no  spacer,  as  they  could  not  possibly  bunch,  and  it 
lies  so  near  the  truss  that  the  car  body  would  be  in  solid  collision, 
while  the  wheels  were  several  inches  away  from  the  timber,  and  it  is 
hardly  high  enough  to  be  efi'ective  against  the  truck  frame  and  hous- 
ings. I  believe,  however,  that  the  inside  rail  is  far  more  efi'ective  as  su. 
guard  than  the  outside  timber.  They  should  be  brought  together 
about  35  ft.  from  the  parapet  and  bolted  to  an  old  frog  point. 

I  concur  with  Mr.  Eobinson  in  his  criticism  of  the  prevailing  ar- 
rangements of  parapets.  How  often  do  we  see  bridges  with  no  ap- 
parent kinship  to  the  masonry  that  they  stand  on  ?  The  bridge 
designed  by  its  builder,  and  the  abutments  liy  the  surveyor  or  stone- 
mason employed  by  the  railroad — the  bridge  builder  knowing  but 
little  about  the  possibilities  and  limitations  of  stonework,  and  the  other 
man  but  little  how  the  bridge  will  look  until  he  sees  it  delivered.  I 
hold  that  the  party  who  designs  the  bridge  should  also  design  the 
masonry,  at  least  from  the  bridge  seat  up.  This  is  another  argument, 
for  the  employment  of  bridge  engineers  by  railroads. 
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I  present  a  sketch  of  a  parapet  (Fig.  2)  that  I  think  much  better 
than  that  described  by  the  author.  I  first  saw  it  used  on  the  Provi- 
dence and  Worcester  Railroad,  now  a  part  of  the  New  York,  New 
Haven  and  Hartford  system.  If  the  stone  is  low  enough  to  admit  even 
a  thin  tie  on  it,  the  ballast  material  will  get  over  into  the  bridge  seat 
and  I  should  expect  the  2-in.  shims  described  to  be  very  soon 
crushed  out.  The  top  stone  shoixld  be  in  one  joiece  9  ft.  long,  but 
two  short  ones  well  doweled  together  will  give  no  trouble.  The  shajae 
shown  is  not  expensive  to  get  out  in  granite — a  skillful  mason  will 
break  them  to  shape  with  very  little  pointing.  The  ends  of  stringers 
should  be  only  2  or  3  ins.  from  the  face  of  the  stone,  and,  if 
the  bridge  has  an  end  floor  beam,  it  should  have  stringer  brackets 
long  enough  to  take  one  tie  next  the  parapet.  In  skew  bridges  the 
j)arapet  should  always  be  squared  ;  if  the  bridge  is  double  track,  it  is 
generally  best  to  square  each  track  separately,  using  a  narrow  header 
between,  into  which  each  parapet  stone  heads.  There  is  no  trouble  in 
building  a  skew  bridge  seat  in  connection  with  a  square  stringer  seat 
and  parapet. 

Geokge  H.  Thomson,  M.  Am.  Soc.  C.  E. — Mr.  Robinson  finds  diffi- 
culty in  connecting  solid  floors  to  lattice  girders,  principally  on  account 
of  the  panel  points — where  the  web  members  occupy  the  space  in  chord 
required  for  floor  attachment.  This  will  hold  for  old-fashioned  latticed 
bridges,  but  will  not  hold  with  modern  lattice  bridges,  as  the  web 
members  join  the  chords,  at  panel  points,  through  the  media  of  jianel- 
poiut  jilates  which  leaves  the  bottom  of  bottom  chord  open  and  free 
for  the  requisite  floor  attachments  (Fig.  1,  page  508). 

There  is  no  difficulty  in  making  a  bottom  chord  section  for  lattice 
spans  of  a  magnitude  of,  say,  500  ft.,  double  track,  though  at  the 
present  date,  economy  will  not  warrant  the  open  chord  with  solid 
floor  for  spans  above  ordinary  magnitude.  The  writer  designed  (for 
Walter  Katte,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  New  York  Cen- 
tral and  Hudson  River  Railroad)  some  two  years  ago  a  swing  bridge  of 
over  400  ft.  length,  and  supporting  four  tracks,  and  found  no  diffi- 
culty in  the  design  of  chords  supporting  the  floor. 

The  new  viaduct  known  as  Park  Avenue  Improvement,  City  of 
New  York,  for  the  traffic  of  the  New  York  and  New  Haven,  Harlem 
River,  New  York  Central  and  Hudson  River  Railroads,  is  to  be  a  plate 
girder  construction  with  solid  floor,  for  four  tracks,  Ij  miles  long,  as 
per  the  recommendation  of  Mr.  Katte. 

The  four-track  swing  bridge  over  the  Harlem  River,  New  York  (for 
the  riailroads  above  mentioned)  a  structure  of  400  ft.  length,  is  to  have 
a  solid  floor,  and  the  designs  under  consideration  are  of  the  pin-con- 
nected, lattice  and  composite  tyjie,  t.  e.,  connections  part  pin  and 
rivets. 

The  writer  has  designed  and  erected  within  five  years  past  300 
sjjans  of  solid  floor  bridges  of  all  tyjjes  and  kinds,  many  of  which 
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are  upon  the  lines  of  the  New  York  Central  and  Hudson  Eiver  Eailroad 
Company,  reviewed,  selected  and  adopted  by  its  Chief  Engineer. 

In  practice,  the  i^late  girder  is  used  ten  times  to  one  use  of  the 
lattice  bridge  for  solid  floor  work. 

Fig.  2  (page  509)  shows  detail  of  a  bridge  about  400  ft.  long.  The 
rails  are  laid  with  the  ordinary  cross-ties  with  6  ins.  of  broken  stone 
ballast  between  the  tops  of  troughs  and  bottom  of  ties.  The  bottoms 
of  troughs  are  filled  with  asphalt  concrete  laid  to  drain  to  the  center. 
Some  diflSculty  is  experienced  in  making  the  troughs  fit  the  girders, 
owing  to  the  stretch  of  the  former  after  manufacture. 

Fig  3  (page  510)  shows  detail  of  one  bridge  about  400  ft.  long  and 
a  number  of  other  bridges  sjjans  of  50  to  100  ft.  The  section  is 
cheaper  than  section  shown  on  Fig.  2. 

Fig.  4  (page  510)  shows  floor  sections  and  attachments  to  a  plate 
girder  bridge  of  98-ft.  span,  similar  to  a  number  of  other  two  and 
four-track  bridges  of  less  span.  In  a  use  of  this  floor  for  four  years 
with  cross-ties  ballasted,  as  shown,  there  has  been  no  difiiculty  in  keejD- 
ing  the  cross-ties  ballasted  to  surface  and  grade. 

Fig.  5  (page  511)  shows  the  method  of  connecting  floor  to  web  of 
main  girders  extended  below  the  bottom  flange  with  a  minimum  floor 
thickness  of  13ins.     This  plan  is  not  api^licable  to  long  girder  spans. 

Fig.  G  (i^age  512)  shows  a  span  (three-track)  of  24  ft.,  with  corru- 
gated floor.  Small  spans  can  be  made  much  cheaper  as  jjer  plan  shown 
on  Fig.  7  (page  513),  a  type  known  as  the  "longitudinal  trough,"  of 
which  there  are  many  examples  on  the  New  York  Central  and  Hudson 
Kiver  Railroad.     Its  limit  of  span  at  present  prices  is  aboiit  34  ft. 

The  longest  single  track  lattice  span  erected  by  the  writer  is  200  ft., 
center  to  center  of  end  bearings. 

Rail  floors  consisting  of  rails  laid  longitudinally  for  sj^ans  of  8  x  10 
ft. ,  when  covered  with  broken  stone  ballast,  make  a  very  satisfactory 
structure.  Rail  floors  are  sometimes  laid  cross-wise  on  tojD  of  deck  plate 
bridges.  Fig.  8  (page  514)  shows  one  such  floor  in  use,  on  the  Harlem 
Railroad,  where  the  foundations  of  abutments  were  of  a  character  re- 
quiring the  cushioned  track,  as  shown. 

The  growing  demand  for  accelerated  speed  for  passenger  service, 
with  the  consequents  obtaining  from  the  antecedent  of  the  high  sj^eed 
itself,  will  i^robably  suggest  advance  in  the  design  of  structures.  The 
solid  floor  bridge  meets  the  new  and  coming  conditions,  so  far  as  can 
be  seen,  when  ballasted,  and  especially  (from  an  observation  extending 
over  four  years  on  a  number  of  bridges  of  solid  floor  ballasted  type  in 
use  for  heavy  trajQfic)  for  bridges  of  minor  spans. 

A  considerable  number  of  abutments  and  piers  hammered  out  by 
deck  plate  bridges  of  small  si)an,  coming  within  the  experience  of 
the  writer,  will  require  an  outlay  to  rebuild  them  equal  to  ten  times 
the  cost  of  new  solid  floor  bridges  ;  the  injured  masonry,  however,  will 
sustain  the  solid  floor  bridges,  though  not  equal  to  the  task  of  sustain- 
ing the  old-fashioned  plate  bridges. 
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EAILWAY   SIGNALING   AS    APPLIED   TO    LAEGE 
INSTALLATIONS.* 


By  John  P.  O'Donnell,  M.  I.  Mecli.  E. 
Read  Octobek  19th,  1892. 


Of  the  two  papers  on  this  subject,  so  far  as  the  knowledge  of  the 
writer  extends,  that  have  been  read  before  any  prominent  institution 
in  Great  Britain,  the  one  read  by  Mr.  Richard  C.  Eapier,  M.  I.  C.  E. ,  on 
"The  Fixed  Signals  of  Railways,"  contained  a  brief  history  of  the  first 
•signaling  plant  of  any  description  ever  erected  in  Great  Britain  (or,  the 
Author  believes,  upon  any  railway)  and  carried  it  through  the  various 
stages  of  improvement  and  development,  to  the  then  considered  per- 
fected state  of  signaling  in  1874.  Even  at  that  early  stage,  recognition 
was  given  to  the  duties  to  be  performed  by,  and  the  qualifications 
needed  from,  a  railway  signaling  engineer.  Mr.  Rapier  very  aptly 
•described  the  position  of  railway  signaling  when  he  said,  that  it  is  a 
trite  axiom  "that  two  solid  bodies  cannot  occupy  the  same  space  at  the 

•Discussions  received  before  January  15th,  1893,  will  be  published  in  a  subsequent 
number. 
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same  time. "  The  duty  of  a  railway-signaling  engineer  may  be  said 
to  be,  to  endeavor  to  prevent  two  bodies  which  are  moving  at  high 
velocities  from  seeking  to  violate  this  law  of  Nature. 

Previous  to  and  including  the  year  1874,  interlocking  had  not  de- 
veloped to  any  very  great  extent.  That  is  to  say,  the  most  recent  inter- 
locking apparatus,  and  the  most  approved  at  that  time,  was  the  one 
invented  and  patented  by  Messrs.  Stevens  &  Sons,  of  London  and 
Glasgow.  In  this  apparatus  what  we  understand  now  by  an  inter- 
locking tappet  was  first  applied.  Practically,  there  has  been  little  or 
no  improvement  upon  that  locking  form  to  the  present  time,  except  in 
the  fact  that,  whereas  in  Stevens'  original  apparatus  the  locking  was 
effected  by  the  movement  of  the  lever,  at  the  present  time  the  railway 
public  seems  to  favor  preliminary  actuation  of  the  interlocking  by 
means  of  the  catch  handle. 

The  next  paper,  and  the  latest,  so  far  as  the  writer  is  aware,  was  a 
paper  read  in  the  year  1884  by  Mr.  Arthur  Moore  Thompson,  Signal- 
ing Superintendent  of  the  London  and  North  Western  Railway,  on  the 
signaling  of  that  railway.  The  subject-matter  of  this  paper  was  a 
very  careful  and  accurate  description  of  the  mechanical  details  of 
signaling,  more  particularly  the  various  devices  and  appliances  used 
throughout  the  London  and  North  Western  Railway.  There  was 
little  or  no  attempt  made  to  discuss  any  large  installations  or  to 
establish  any  principles  or  standards  in  reference  to  the  practice  of 
railway  signaling.  A  very  excellent  code  of  rules  was  given  for  the 
guidance  of  the  men  in  the  signaling  department. 

Since  the  year  1884,  many  developments  and  improvements  in  sig- 
naling have  occurred.  The  writer  has  endeavored,  during  his  short 
visit,  to  make  himself  conversant  with  the  general  practices  and 
results  aimed  at  by  the  trafiic  managers  of  this  country.  There  is 
in  this  country  no  supreme  authority  corresponding  to  the  English 
Board  of  Trade,  which  lays  down  rules  for  the  guidance  of  the  com- 
panies in  the  matter  of  the  safety  devices  they  should  adopt.  It  is 
left  rather  to  the  good  sense  of  the  railway  officials  themselves  and 
their  interests,  to  provide  for  the  safety  of  the  public.  It  is  obvious 
when  this  is  the  case,  that  each  company's  engineers  view  things  in 
their  own  individual  light.  There  are  such  divergent  views  in  con- 
nection with  the  moving  of  signals,  that  the  writer  ventures  to  suggest 
that  it  is  extremely  necessary  that  some  general  principles  and  rules. 
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should  be  laid  down  for  the  guidance  of  all  railways  in  the  matter  both 
of  railway  signaling  and  appliances,  and  in  the  instructions  to  their 
signalmen  and  engineers  as  to  the  manipulation  and  meaning  of  the 
signals. 

In  looking  over  the  paper  read  by  President  H.  S.  Haines  before 
the  meeting  of  the  American  Railway  Association,  October  12th,  the 
writer  notes  that  efforts  are  being  made  in  the  direction  pointed  out, 
to  provide  train  rules  and  to  endeavor  to  have  a  standard  code  made 
for  the  guidance  of  all  railway  officials,  corresponding  in  some  degree 
and  possibly  under  changed  conditions  to  the  books  of  rules  in  use  on. 
every  British  railway. 

In  this  connection  it  should  be  said  that  these  remarks  must  neces- 
sarily, to  some  extent,  be  a  comparison  between  the  manners  and 
rules  adopted  in  England  (with  which  the  writer  is  familiar)  and,  sO' 
far  as  he  can  gather  in  the  short  visit  just  made  to  this  country,  the 
rules  and  general  ideas  prevalent  in  connection  with  signaling  here. 

In  Mr.  Haines'  paj^er,  there  is  a  passage  in  which  he  says: 

"  The  idea  of  maintaining  intervals  of  time  between  trains  has  been 
realized  in  various  ways;  as  by  track  sentries,  by  the  display  of  signals 
at  curves  or  at  other  specially  hazardous  points,  or  by  a  record  at 
stations,  visible  from  passing  trains,  showing  the  time  that  the  last 
train  had  passed  in  the  same  direction.  The  method  of  time  intervals 
between  following  trains  affords  efficient  protection  so  long  as  the 
trains  maintain  an  uniform  schedule  speed,  can  be  readily  stopped 
within  the  recognized  time  interval,  and  are  not  liable  to  imexpected 
delays  between  signal  stations.  These  conditions  prevail  on  roads 
doing  princiisally  a  passenger  business  with  light  and  frequent  trains, 
and  such  roads  can  be  and  are  now  successfully  operated  under  this 
method." 

The  writer  was  led  to  believe  that  time  intervals  had  been  abolished 
in  this  country,  and  were  not  now  in  operation  on  any  important  road. 
Even  from  what  Colonel  Haines  says,  and  we  might  all  endorse  the 
statement,  a  time  interval  does  not  afford  efficient  protection  on  roads 
that  have  a  heavy  traffic,  unless  those  intervals  be  so  extended  as  to 
seriously  interfere  with  business.  If  this  is  so,  it  is  obvious  that  it 
would  not  be  adopted  or  even  looked  upon  with  any  degree  of  favor  by 
any  line  of  importance  in  this  country,  as  the  freight  traffic  is  suffi- 
ciently important  to  give  consideration  to  any  means  which  would 
enable  rapid  movements  to  be  conducted. 

With  reference  to  the  remark  in  Colonel  Haines'  jmper  that  "the 
circumstances  under   which  distant  signals  should  be  required  will 
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affect  the  rules  for  operating  a  block  system  as  well  as  tlie  essential 
requisites  for  the  proper  appliances,"  if  would  seem  to  require  qualifi- 
cation, as  under  every  condition  of  the  block  system  a  distant  signal 
is  needed. 

The  following  in  Colonel  Haines'  paper  appears  also  to  require  ex- 
planation, that  "railroad  managers,  civil  engineers  and  inventors  are 
trying  to  remedy  what  is  called  the  deficiency  in  the  block  system,  and 
it  is  because  the  Train  Rule  Committee  is  conscious  of  these  facts  that 
it  has  hesitated  to  endorse  the  block  system  as  now  used."  In  Eng- 
land, on  such  lines  as  the  London,  Brighton  and  South  Coast,  the 
London,  Chatham  and  Dover,  the  South  Eastern,  and  other  important 
railways,  the  union  of  the  lock  and  block  system  is  carried  out,  and, 
with  that  safeguard,  under  the  absolute  block  system,  it  is  almost  im- 
possible to  have  rear  collisions.  The  leading  idea  in  American  signal- 
ing seems  to  be  to  eliminate  the  human  agency,  but  it  is  submitted 
that  the  endeavor  to  force  an  automatic  system  at  the  present  moment 
is  untimely.  The  system  will  be  found  to  be  costly,  confusing  and 
unnecessary,  as  the  concentration  of  points  and  interlocking  them  be- 
comes, as  it  must,  more  generally  adopted.  The  writer  thinks  it  would 
be  generally  agreed  that  the  normal  condition  of  the  signal  should  be 
the  danger  condition. 

A  point  which  seems  to  be  not  yet  settled  satisfactorily  in  this 
country  is  the  question  of  arranging  the  signal  arms  to  indicate  high- 
speed routes  and  the  various  lines  traveling  either  side  by  side  or 
diverging,  as  at  a  junction.  The  writer  had  occasion  yesterday, 
through  the  courtesy  of  the  New  York  Central  officials,  to  examine  the 
pneumatic  plant  at  Woodlawn  Junction  on  the  Harlem  Division  of 
the  New  York  Central  and  Hudson  River  Railroad.  The  system 
appears  to  be  to  arrange  the  top  arm  always  for  the  important  road, 
irrespective  of  whether  it  was  right  or  left.  In  England  the  rules  are 
the  very  reverse,  and  would  appear  to  be  supported  by  simplicity  and 
by  ease  of  understanding.  It  would  appear  to  be  simpler  to  take  the 
left-hand  top  arm  for  the  left-hand  road  and  the  right-hand  top  arm 
for  the  right-hand  road,  especially  when  such  arms  are  fixed  on  sepa- 
rate posts. 

The  writer  also  noticed  in  the  same  scheme  that  shunting  signals 
were  provided,  shunting  back  on  the  south-bound  track  in  the  north- 
bound direction,  and  he  gathers  that  such  provision  is  usually  made  in 
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signaling  schemes  in  this  country  for  shunting  onto  a  wrong  road. 
It  would  appear  to  be  a  dangerous  precedent  to  give  an  engineman 
a;bsolute  authority  by  signal  to  shunt  in  the  direction  of  meeting  an 
approaching  train.  Our  custom  in  Great  Britain  is  to  perform  such 
movements,  when  needed,  by  special  authority,  as  we  consider  that 
when  an  engineman  has  received  a  definite  outside  signal  to  proceed, 
if  he  so  proceeds,  should  any  accident  result  through  his  obeying 
the  signal,  he  is  exempt  from  responsibility.  In  your  system  the  risk 
of  running  back  on  the  wrong  road,  the  engineman  supposing  he  is 
on  the  right  and  meeting  a  train  from  the  next  section,  would  appear 
to  be  great.  We  have  had  many  such  accidents  in  England,  and  the 
writer  notes  especially  one  which  occurred  in  his  own  experience,  at 
Kingston,  on  the  London  and  South  "Western  Railway,  where  an  engine- 
man  thought  that  the  crossing  points  had  been  moved  for  him  to  jDro- 
ceed  to  the  right  road;  the  points  themselves  had  not  been  moved  at 
all.  He  proceeded  to  the  next  section  on  the  wrong  road,  met  a  train 
coming  in  the  opposite  direction,  with  the  result  that  eight  people 
were  killed.  No  wrong  road  movements  are  allowed  by  signal  at  any 
place,  to  the  writer's  knowledge,  except  at  Waterloo  and  one  or  two 
other  large  terminal  stations;  but  at  all  intermediate  through  stations 
corresponding  to  Woodlawn  Junction,  no  such  provision  would  ever 
be  sanctioned. 

The  subject-matter  of  this  paper  was  originally  intended  to  be  a 
description  of  the  appHances  and  methods  adopted  by  the  company, 
and  the  designer  in  the  signaling  at  the  Waterloo  station  of  the 
London  and  South  Western  Railway.  At  this  station,  as  far  as  possible, 
each  distinctive  movement  is  signaled  ;  that  is  to  say,  a  passenger 
movement,  an  in-shunt  movement  and  an  out-shunt  movement. 
Everybody  in  the  station,  the  engineman,  the  man  on  the  ground,  the 
inspectors  on  the  j^latform,  everybody  concerned,  is  given  an  intima- 
tion as  to  what  movement  is  to  take  place.  If  an  engine  is  to  be 
shunted  in  the  station  a  distinctive  signal  is  given,  showing  that  it  is 
an  engine ;  if  it  is  a  passenger  movement,  a  dififerent  and  distinctive 
signal  is  given  to  that  effect.  In  this  country,  the  custom  seems  to 
prevail  to  signal  the  route,  without  reference  to  the  composition  of  the 
movement  ;  that  is  to  say,  the  same  signal  is  given  into  a  station  for  a 
passenger  train,  as  for  an  engine,  or  a  shunting  movement. 

It  is  claimed  that  the  new  signal  box  and  the  signaling  scheme  or  sys- 
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iem  at  Waterloo  is,  in  general,  the  largest  in  the  world;  but,  on  the  other 
iand,  it  has  been  said  that  the  London,  Brighton  and  South  Coast  Rail- 
way signal  box  at  the  London  Bridge  terminal,  which  contains  280  levers, 
and  the  London  and  North  Western  Railway  signal  box,  at  the  Euston 
terminal  station  (London),  which  contains  283  levers,  are  larger  than 
the  Waterloo  station  system.  It  is  true  that  the  Waterloo  signal  box 
contains  only  236  levers,  23  of  which  are  gear  and  locking  levers, 
and  are  simply  put  in  for  the  assistance  of  the  interlocking;  but  the 
Waterloo  plant  has  been  carefully  and  specially  designed  to  be  oper- 
ated by  as  few  levers  as  possible,  and  it  is  further  claimed  that  if  this 
plant  had  been  arranged  with  the  same  liberality  in  the  use  of  levers 
a,s  that  at  any  other  of  the  large  stations,  between  400  and  500  levers 
would  have  been  required. 

Previous  to  the  year  1878  there  were  10  passenger  tracks,  being  those 
from  3  to  12  in  the  general  plan.  Fig.  1  (page  521),  which  represents 
the  arrangements  as  finally  completed  in  May,  1892.  In  1878  the  two 
platforms  1  and  2  were  added,  and  in  1885  five  additional  tracks 
were  added  at  the  north  side  of  the  station  as  well  as  all  the  side 
tracks  for  Windsor  trains  at  the  north  side  of  the  station.  The 
platform  and  passenger  track  accommodation  has  been  i3ractically 
doubled  since  1878.  For  some  years  past  work  has  been  in  progress 
on  the  widening  of  the  four-track  masonry  viaduct  over  which  the 
railway  runs  to  the  Waterloo  station,  and  this  has  recently  been  com- 
pleted, giving  six  approach  tracks.  The  telegraph  wires  along  the 
viaduct  became  so  numerous  that  they  have  been  all  placed  in  under- 
ground conduits  as  far  as  Clapham  Junction,  and  it  has,  therefore, 
been  possible  to  place  the  semaphore  arms  or  blades  much  lower  than 
would  otherwise  have  been  the  case.  The  viaduct  work  and  new  tracks 
have  been  constructed  under  the  supervision  of  Mr.  E.  Andrews,  Chief 
Engineer,  and  Mr.  A.  W.  Szlumper,  Resident  Engineer.  On  April  9th, 
the  day  of  the  Oxford  and  Cambridge  boat  race  and  the  Sandown 
Park  horse  races,  there  were  819  incoming  and  outgoing  trains,  or  an 
average  of  45  per  hour.  To  control  this  number  of  trains  accord- 
ing to  the  ordinary  method  in  use,  involves  18  000  lever  move- 
ments and  the  sending  of  20  000  electric  signals.  During  a  few  hours 
in  the  busy  time  in  the  morning  the  number  of  switching  operations 
was  173,  while  from  4  p.m.  to  6.40  p.m.  the  number  was  131.  In 
1874  the  number  of  levers  in  the  old  "A"  signal  box  was  109,  and 
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the  average  number  of  movements  was  10  per  train,  including  switch- 
ing, there  being  then  no  facing  switch  locks  in  use.  With  this  addi- 
tional safeguard  provided,  the  average  number  of  movements  required 
is  now  22  per  train,  and  the  number  of  levers  in  the  old  "A"  signal 
box,  previous  to  the  new  arrangement  recently  completed,  had  in- 
creased to  209,  giving  an  aggregate  of  nearly  5  250  000  lever  move- 
ments during  the  year. 

In  regard  to  the  arrangement  of  the  plant,  it  is  said  that  at  Londoa 
Bridge,  Euston,  Cannon  Street,  or  any  other  of  the  large  London  termi- 
nals which  are  provided  with  large  signal  boxes,  every  movement — that 
is  to  say  every  signal — is  worked  by  a  separate  lever,  and  one  signal  is 
often  worked  by  more  than  one  lever.  Special  levers  are  provided  in 
order  that  the  locking  may  be  reduced,  and  the  writer  is  informed  that, 
generally,  levers  are  recklessly  jsrovided,  so  that  special  locking  shall 
not  be  necessary  in  the  interlocking  apparatus.  When  the  new 
Waterloo  arrangement  was  originally  devised,  the  writer  concluded 
that  where  a  series  of  tracks  lead  into  one  track,  or  where  more  than 
one  movement  takes  place  from  one  track  to  another,  it  would  be  a 
waste  of  levers  and  mechanism  to  provide  separate  levers  for  each 
movement,  provided  that  not  more  than  one  of  such  movements  should 
take  place  at  once.  Take,  for  instance,  an  inbound  train  on  the  "up 
Windsor  "  line  in  Fig.  1.  A  signal  is  provided  to  give  authority  to  run 
to,  say,  platform  track  14  ;  a  separate  signal  for  switching  from  the 
"up  Windsor"  track  to  platform  14,  and  a  third  signal  for  switching 
out  from  the  platform  to  the  incoming  track  or  "wrong  road."  It 
is  evident  that  out  of  these  three  distinct  movements  only  one  at  a 
time  can  be  given  with  safety,  and  that  it  is  no  inconvenience  to  traffic 
to  arrange  one  lever  to  work  the  three  signals,  each  signal  being  given 
sef)arately,  as  desired,  according  to  whether  it  is  a  passenger  move- 
ment, a  switching-in  or  a  switching-out  movement.  The  explanation 
with  reference  to  the  "up  Windsor"  track,  and  platform  14,  applies 
throughout  the  scheme,  from  the  "up  Windsor  "  track  to  all  the  plat- 
form tracks  that  can  be  entered  from  that  track,  which  includes  down 
to  platform  track  7.  The  same  takes  place  from  the  "  down  Windsor  " 
through  track.  There  are  out-passenger  signals  for  that  track,  switch- 
ing-out signals  to  it,  and  switching-in  signals  from  it  to  any  platform 
which  can  be  entered  from  the  same  track  and  the  roads  to  it.  The 
same  traffic  facilities  by  signal  are  provided  for  the  "down  Windsor  " 
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local,  "up  main  through,"  "up  main  local"  and  "down  main" 
tracks.  The  curved,  dotted  lines  across  the  platform  tracks  on  the 
right  of  Fig.  1  indicate  the  several  tracks  which  can  be  entered  from 
each  of  the  six  approach  tracks. 

To  provide  the  usual  full  number  of  levers  for  the  signals  only  in 
connection  -ndth  the  six  main  tracks  approaching  Waterloo  and  the 
signals  out  in  connection  therewith,  it  is  said  that  it  would  have  taken 
about  230  levers,  and  that  at '  any  of  the  other  large  stations  such  a 
number  of  levers  would  have  been  provided  for  the  large  number  of 
signals  which  are  necessitated  at  the  station.  At  Waterloo,  however, 
to  work  the  signals  named,  there  are  provided  only  about  74  actuat- 
ing levers  and  6  gear  levers.  This  has  been  effected  by  the  adoption 
of  the  No.  4  "Simplex"  machine  for  interlocking  gear.  This  ma- 
chine is  already  extensively  used  on  several  railways.  By  its  adop- 
tion the  railway  company  was  enabled  to  save  the  difiference  between 
80  levers  and  230  levers,  or  about  153  levers  saved  in  the  locking 
frame.  As  already  noted,  it  is  said  that  if  Waterloo  had  been  signaled 
with  the  same  complication  that  other  of  the  large  stations  are  sig- 
naled, there  would  be  required  in  the  "A"  box  between  400  and 
600  levers,  instead  of  236  as  now  provided.  Practically  every  switch 
in  the  yard  is  a  facing  switch,  and  jjrovision  is  made  for  the  use  of  all 
platforms  as  both  arrival  and  departure  platforms,  while  the  inter- 
locking has  been  so  arranged,  that  where  a  train  can  get  into  a  i?lat- 
form  track  by  more  than  one  way,  such  other  ways  are  properly  inter- 
locked and  provided  for,  and  safety  is  given  by  signal  and  not  by  flag. 
Hand  signaling  has  been  practically  abolished.  The  number  of  levers 
is  as  follows  : 

Signal  levers,  working  247  signal  connections 102 

Switch  levers,  working  81  SAvitehes 50 

Facing  switch  lock  levers  working  68  switches 46 

Gear  levers  working  to  three  positions 7 

Setting  levers  for  alternative  routes 16 

Space  levers 15 

Total  number  of  levers '236 

The  locking  frame  was  supplied  by  Stevens  &  Sons,  of  Southwark, 
and  the  work  has  been  carried  out  by  the  London  and  South  Western 
Railway  Company. 
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As  will  be  seen  by  the  plan,  the  new  "  A  "  box  spans  only  a  portion 
of  the  lines  entering  the  station.  Owing  to  the  exigencies  of  the  situa- 
tion, the  line  approaches  the  terminus  vnth  reversed  curves,  and  the 
northern  portion  of  the  station  is  laid  out  on  a  curve.  The  situation 
chosen  for  the  new  box  nearly  covers  the  site  of  the  old  structure,  and 
is  chosen  as  giving  the  best  views  into  the  various  platforms  and  down 
the  line. 

It  has  hitherto  been  the  custom  to  erect  lofty  semaphores  for 
signaling  purposes,  with  long  rows  of  signal  arms  relating  to  the 
various  lines.  The  difficulty  to  an  engineman  in  distinguishing  his 
proper  signal  must  be  great  under  such  circumstances,  and  it  has  been 
sought  in  the  "  A"  box  to  range  the  arms  over  their  respective  lines. 
One  of  the  station  signals  comprises  67  arms  and  another  21,  while 
there  are  12  bracket  signals  at  the  ends  of  the  platform.  Occasion- 
ally a  train  or  engine  has  to  switch  onto  the  wrong  road,  and  this 
exceptional  movement  is  signaled  by  means  of  a  "  scissors  arm  "  by 
day,  and  a  purple  light — instead  of  a  green  one — at  night.  A  short 
distance  along  the  line,  where  such  movements  would  be  a  danger 
to  the  traffic,  an  automatic  signal  is  constructed  which  places  three 
detonators  or  torpedoes  in  succession  on  the  line,  the  explosion  of 
which  would  give  a  report  sufficient  to  recall  the  engineman  to  a 
sense  of  his  position. 

About  100  yds.  from  the  "A"  box  down  the  line,  a  specially  con- 
structed signal  bridge  spans  the  six  tracks,  of  which  the  railway  from 
this  point  consists.  This  bridge  supports  the  incoming  stop,  and 
switching  and  outgoing  advance  signals.  From  this  point  the  signal- 
ing is  taken  up  by  the  "B"  box,  some  200  yds.  further  down  the 
line,  where  the  station  department  may  be  said  to  end.  At  the  "B  " 
box  the  whole  or  any  portion  of  the  traffic  can  be  entirely  diverted  by 
a  system  of  cross-over  lines  with  angle  or  "  slip  "  crossings,  and  points 
from  the  main  to  the  Windsor  line,  and  vice  versa.  A  signal  bridge  on 
the  station  side,  worked  from  this  box,  controls  the  outgoing  traffic, 
and  a  similar  bridge  on  the  Yauxhall  side  carries  the  incoming 
signals. 

Special  cross-shaped  signals  have  been  fitted  to  the  signal  bridge 
at  Westminster  Road  Bridge  to  protect  trains  and  engines  when 
switching  out  of  the  station  yard  on  the  respective  incoming  tracks. 
These  are  worked  simultaneously  with  the  "  wrong-track  "  signals  on 
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ihe  standard  posts.  When  at  "  danger  "  these  special  signals  show  a 
red  light,  which  must  not  be  passed  by  incoming  trains,  as  it  indicates 
that  a  train  is  ST\-itching  out  on  the  incoming  track.  When  at  "  cau- 
tion "  they  show  a  purjole  light  to  the  incoming  train.  The  "wrong- 
track  "  or  "switching-out"  signals  show  a  purjjle  light  for  "track 
clear  "  for  the  train  which  is  switching  out  on  the  incoming  track. 
The  cross-shaped  disc  ground  signals  near  the  signal  bridge  must  not  be 
passed  when  at  "  danger  "  under  any  circumstances.  Fig.  2  (page  526) 
shows  the  arrangement  of  signals  at  the  "A"  box  as  seen  from  incom- 
ing or  "up "  trains,  the  arrangement  as  seen  from  outgoing  or 
"down"  trains  being  shown  on  a  smaller  scale  in  Fig.  1.  Only  the 
arrival  signals  governing  the  platform  tracks  are  provided  with  white 
lights.  Any  other  signal  showing  a  white  light  must  be  considered  a 
danger  signal,  as  it  will  indicate  that  the  signal  has  failed  or  the  glass 
been  broken.  Signals  are  placed  at  the  west  end  of  the  jjlatform; 
at  "track  clear"  they  indicate  that  the  entire  platform  track  is  clear; 
at  "caution,"  that  cars  or  a  part  of  a  train  are  on  the  track,  and  an 
incoming  train  must  enter  slowly;  and  at  "danger,"  no  train  must 
pass,  but  light  engines  may  back  down  past  them  to  be  coupled  to 
their  respective  trains.  Incoming  light  engines  must  call  the  atten- 
tion of  the  signal  men  at   "A  "  box  by  whistling. 

In  order  that  access  may  be  easily  obtained  to  the  locks,  the  floor  of 
the  signal  box  is  provided  with  a  movable  framed  hatchway,  and  there 
is  just  sufiicient  room  below  the  floor  for  a  man  to  creep  along.  There 
are  altogether  fiity-one  channels  in  which  the  locking  bars  slide  ;  the 
tajjpets  from  one  row  of  levers  pass  below  those  belonging  to  the  other 
set ;  there  are,  therefore,  two  locking-bars  in  each  channel.  As  ex- 
plained previously,  "  Simplex  "  gear  levers  are  arranged  so  that  one 
signal  lever  operates  three  signals.  The  raised  woodwork  against 
which  the  signal  man  places  his  foot  is  so  fixed  that  he  can  still  work, 
although  the  hatchway  may  be  open.  The  signal  levers  are  colored 
differently  for  the  diff"erent  work  they  have  to  do,  and  each  is  i:)rovided 
with  a  plate  upon  which  are  inscribed  the  numbers  of  the  other  levers 
which  precede  it. 

One  of  the  most  interesting  features  of  the  signaling  at  Waterloo 
is  the  system  of  electrical  interlocking  carried  out  by  Mr.  W.  K.  Sykes, 
of  Clapham.  The  details  are  too  complicated  to  allow  of  an  exhaustive 
description,  but  the  chief  points  of  interest  may  be  broadly  indicated. 
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It  is  -well  known  that  the  block  system  is  intended  to  prevent  more 
than  one  train  being  upon  the  portion  of  the  line  between  the  two 
signal  boxes.  On  many  roads  it  is  made  a  "permissive"  system,  so 
that  more  than  one  train  may  be  allowed  within  a  block  at  the  same 
time. 

Suppose  A,  B,  and  C  to  be  three  signal  cabins  upon  a  railway, 
then  the  Sykes  system  holds  a  train  approaching  box  B  until  a 
preceding  train  has  passed  box  C,  out  of  the  block  C,  leaving  a  clear 
"block  for  the  second  train  to  enter.  Suppose  the  second  train  has 
reached  B,  the  operator  in  the  B  box  could  not  put  his  signal  to  "  line 
clear,"  because  it  is  locked  and  controlled  by  a  machine  electricaUy 
connected  in  the  box  ahead.  The  man  in  the  B  box  must  therefore 
signal  to  C  box,  asking  the  operator  there  to  unlock  his  signal  lever, 
and  this  would  not  be  done  if  the  section  were  occupied.  The  Sykes 
electric  interlocking  apparatus  is  fitted  in  connection  with  the  "  out  " 
or  starting  signals  from  the  eighteen  platforms  at  Waterloo  station. 
The  normal  condition  of  all  these  signals  is  the  unlocked  position. 
Boads  1  to  7  (see  plan)  feed  the  out  main  line ;  roads  7  to  18  feed  the 
out  Windsor  or  local  Windsor,  so  that  three  trains  can  leave  the 
station  at  the  same  time — say  one  from  Xo.  2,  down  the  main  line  ;  one 
irom  No.  7,  down  the  Windsor  local ;  and  one  from  No.  14,  down  the 
Windsor  line. 

The  three  down  advance  starting  signals  are  controlled  by  B  box, 
and  these  in  their  turn  control  the  starting  signal,  so  that  when  a  train 
leaves  the  station  and  the  signal  man  puts  the  starting  signal  to  danger, 
it  becomes  locked  and  remains  so  until  the  train  has  passed  over  a 
treadle  placed  some  distance  ahead  of  the  advance  signal.  The  act  of 
passing  over  this  treadle  puts  the  arms  of  the  advance  signal  and  the 
distant  signal  at  the  B  box  to  danger;  it  also  takes  the  "back-lock" 
out  of  the  lever  working  the  advance  signal,  at  the  same  time  drawing 
the  attention  of  the  signalman  to  the  fact  that  this  has  been  done  by 
sounding  an  electrical  trumpet  or  "buzzer. "  The  signalman  now  puts 
back  the  advance  signal  lever  ;  this  action  releases  the  platform  start- 
ing signals,  so  that  another  train  can  be  sent  down  to  the  advance 
signal  from  any  platform  which  the  signalman  may  desire.  The 
advance  signal  cannot  be  again  lowered  until  the  signalman  at  the  B 
box  allows  the  first  train  to  pass  his  stop  signal,  and  restores  the  lever 
and  signal  arm  to  danger,  and  it  becomes  locked  in  that  position  bv 
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the  signalman  at  C  box.  The  man  at  B  box  can  then  press  his  plunger 
and  release  the  advance  signal  lever  at  the  A  box,  and  if  he  should  for- 
get that  he  has  let  a  train  pass  to  the  advance  signal  the  electrical 
"buzzer"  will  remind  him  as  soon  as  the  man  at  B  box  plunges  to 
release  the  advance  signal  lever. 

The  signalman  can,  by  means  of  the  special  "Simplex  "  gear  lever, 
take  the  locks  out  of  the  platform  starting  signals  and  work  his  shunt 
signals  in  or  out  of  the  platform  bays,  up  as  far  as  the  advance  signal. 
With  regard  to  trains  coming  into  Waterloo,  three  trains  can  enter 
the  station  at  the  same  time,  namely,  "up  main  local,"  "up  main  " 
and  "up  Windsor."  Electric  contact  safety  bars  are  fixed  alongside 
the  rails  in  each  platform  bay,  so  that  when  trains  are  standing  upon 
them  the  "  in  "  signals  are  locked  if  the  train  occupies  the  full  length 
of  the  bay  ;  but  if  it  only  takes  up  half  the  available  space,  then  the 
first  electric  contact  bars  are  free  and  the  signalman  in  the  "Crow's 
Nest,"  or  "West  box,"  can  lower  his  signal  half  way,  which  indicates 
to  the  driver  entering  the  platform  that  half  the  bay  is  occupied.  The 
act  of  lowering  the  platform  signals  by  the  man  at  the  "  Crow's  Nest  "^ 
or  "West  box,"  releases  the  "in"  signal  at  the  A  box  by  means  of 
Sykes'  special  apparatus. 
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ELECTRIC  ROCK  BLASTING— THE  AMERICAN 
METHOD.* 
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It  is  the  purpose  of  this  paper  to  describe  and  discuss  modem 
American  appliances  for  blasting  rock  by  electricity.  The  matter  is 
partly  compiled  from  papers  which  the  -svTiter  has  from  time  to  time 
published  under  "Notes  on  Quarrying  "  in  Stone. 

The  importance  of  the  subject  can  scarcely  be  overestimated,  yet 
it  may  safely  be  said  that  there  is  no  book  which  describes  practically 
the  best  methods  of  blasting  now  in  use  in  America.  The  various- 
encyclopaedias  and  some  recent  books,  among  them  Eissler's  "High 
Explosives,"  Drinker's  "Treatise  on  Eock  Blasting,"  Andre's  "Rock 
Blasting,"  "Blasting,"  by  Oscar  Guttman,  etc.,  are  back  numbers^ 
and  though  useful  in  the  line  of  history,  adding  to  one's  information, 
they  are  of  no  value  as  guides  for  the  best  practical  work  of  to-day. 

*  Discussions  received  before  January  15th,  1893,  wiU  be  piiislished  in  a  subsequent 
number. 
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Since  the  invention  of  gunpowder  the  blast  has  i^layed  an  import- 
ant part  in  both  engineering  and  industrial  operations.  Until  recent 
years  a  blast  in  a  drill  hole  was  made  by  simply  igniting  a  fuse  which  led 
to  a  cap  which  was  inserted  in  a  cartridge.  Such  a  process  as  this  is  not 
only  inefficient,  but  it  is  dangerous.  It  is  inefficient  because,  under  many 
conditions  of  work,  the  simultaneous  discharge  of  blasts  gives  the  best 
result,  and  it  is  dangerous  because  the  fuse  may  hang  fire.  It  would 
be  difficult  to  conceive  of  a  Hell  Gate  blast,  or  one  of  the  large  blasts 
recently  made  by  Mr.  Callanan  at  South  Bethlehem,  N.  Y.,  without 
the  aid  of  the  electric  battery.  It  is  triie  that  time  fuses  have  been 
made,  and  are  in  use  at  the  present  time,  but  they  cannot  be  relied 
upon  under  all  circumstances,  and  especially  when  subjected  to  the 
varying  conditions  of  damp  holes  in  mines  and  quarries. 

Persons  who  are  using  the  electric  battery  for  firing  a  blast  are 
usually  so  convinced  of  its  value  that  they  are  surprised  when  told 
that  for  this  purpose  the  fuse  is  more  largely  used  abroad  than  elec- 
tricity, and  that  even  in  America  a  very  large  part  of  the  work  of 
blasting  rock  is  done  through  the  fuse. 

The  several  improved  forms  of  fuses  which  have  been  designed  and 
used  need  not  be  described  here.  Some  of  them  are  made  of  cotton, 
others  of  hemp;  some  single  tape,  and  others  double;  some  of  gutta- 
percha, and  others  of  an  outer  and  inner  casing  of  special  material 
made  according  to  the  conditions  under  which  the  fuse  is  to  be  used. 
At  best,  the  fuse  is  inferior  to  the  electric  exploder.  The  exploder 
will  do  all  that  the  fuse  can  do  and  more.  If  the  work  is  of  such 
a  nature  as  not  to  warrant  the  expense  of  an  electric  outfit,  any 
simple  form  of  fuse  may  be  used.  In  one  point  of  comparison  there 
can  be  no  difi'erence  of  opinion,  and  that  is,  the  fuse  cannot,  at  best,  be 
as  safe  as  the  electric  blast. 

Electric  firing  was  first  introduced  by  means  of  static  electricity, 
the  current  being  generated  by  frictional,  voltaic  or  electro-dynamic 
machines,  or  by  other  processes  by  which  a  current  of  high  intensity 
but  low  quantity  is  generated.  The  electricity  was  discharged  at  the 
poles  of  two  wires  separated  a  short  distance  within  a  cap.  The  points 
of  the  wires  were  placed  within  a  suitable  priming  solution  and,  as  the 
current  jumped  from  one  wire  to  the  other,  this  solution  was  ignited 
by  means  of  the  spark.  The  invention  of  this  process  dates  back  many 
years,  and  though  several  batteries  have  been  made,  notably  those  of 
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Parmer  and  Mowbray,  yet  the  shortcomings  of  the  process  were  so 
consincuous  that  the  electric  blast  only  became  popular  when  it 
became  reliable  through  the  use  of  the  magneto-electric  current. 

In  America  nobody  now  thinks  of  any  other  kind  of  electric  blast 
except  that  which  depends  upon  the  generation  of  a  current  from  a 
battery,  in  a  similar  manner  to  the  production  of  electricity  for  light- 
ing purposes,  this  being  used  to  i^roduce  incandescence  in  a  wire 
which  is  submerged  in  an  explosive.  Static  electricity  has  little  or  no 
heating  capacity  and  cannot  produce  incandescence  in  a  wire.  The 
writer  has  seen  a  spark  from  static  electricity  jumiJ  through  a  common 
"visiting  card,  leaving  a  hole,  but  no  signs  of  burning.  In  damp  jjlaces, 
static  electricity  may  follow  another  course  than  that  through  the 
exploder,  and  many  misfires  occur. 

The  magneto-electric  current  is  produced  by  the  rapid  revolution 
of  an  armature,  or  a  coil  of  wire,  at  the  poles  of  a  magnet.  In  other 
words,  the  American  electric  battery  is  nothing  more  than  a  small 
dynamo  operated  by  hand.  The  current  is  at  fii-st  short-circuited  in 
the  machine,  and  at  that  point,  when  it  is  at  its  greatest  intensity,  it  is 
discharged  into  the  long  circuit  which  contains  the  exjiloders.  In  this 
way  the  electric  current  passes  over  a  fine  platinum  wire  bridge,  which 
oflFers  so  much  resistance  that  the  wire  becomes  red  hot,  and  this  heat 
explodes  a  small  quantity  of  fulminate  of  mercury  which  is  in  the  cap. 


Fig.  1. 
Fig.  1  illustrates  the  electric  exploder.  The  wires  C  lead  from  the 
battery  and  are  connected  by  the  fine  platinum  bridge  E.  At  F  is  a 
cement,  usually  made  of  sulphur,  for  the  purpose  of  holding  the  ends 
of  the  wires  intact  and  serving  to  seal  the  mouth  of  the  exploder.  B 
is  the  fulminate  of  mercury,  which  it  will  be  noticed  surrounds  the 
platinum  wire  E.  The  whole  is  encased  in  a  tube  D,  which  is  similar 
in  api^earance  to  a  gun  cartridge.  The  illustration  is  almost  the  full 
size  of  an  electric  exploder  of  average  strength.  The  -vs-ires  C  should 
be  of  pure  copper  of  about  No.  20  wire  gauge,  and  well  insulated 
by  cotton  or  other  substance  wound  double.  It  is  the  usual  custom 
to  wind  the  cotton  over  the  wire  in  one  direction,  and  then  reverse 
it,  winding  in   the   opposite  direction,  after  which  the  wire  is  sub- 
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merged  in  a  solution  of  paraffine  or  other  waterproof  substance. 
Two  sizes  of  exploders  are  made,  one  known  as  single  strength,  and 
the  other  double  strength.  Those  of  single  strength  are  sufficient 
for  most  purposes,  and  contain  about  15  grains  of  fulminate  of  mer- 
cury. Where  blasting  is  carried  on  under  water,  and  wherever  the 
explosive  is  gelatine,  gun  cotton,  or  forcite,  the  double  strength 
exploder  should  be  used.  This  also  applies  to  high  grades  of  dyna- 
mite, especially  in  cold  weather  ;  it  being  a  well-known  fact  that, 
dynamite  requires  a  high  detonation  to  ignite  it  properly.  The 
greatest  explosion  that  can  be  made  by  a  dynamite  cartridge  is  pro- 
duced when  the  detonation  is  sufficient  to  insure  the  immediate  explo- 
sion of  the  entire  cartridge.  Instances  are  on  record  where  the  exploder 
has  been  so  small,  that  though  it  has  been  discharged  in  the  mouth  of. 
a  dynamite  cartridge,  yet  the  cartridge  did  not  explode;  and  there  are 
cases  where  a  portion  only  of  the  dynamite  was  ignited,  leaving  an  un- 
exploded  part  of  the  cartridge  in  the  bottom  of  the  hole.  Such  dan- 
gerous and  expensive  conditions  arise  from  too  low  a  detonation  from 
too  small  an  exploder.  This  is  so  important  a  point  that  it  should  be- 
made  more  impressive  by  further  comment.  In  a  large  drill  hole, 
where  a  number  of  cartridges  have  been  placed,  and  where  the 
drilling  and  charging  has  been  a  matter  of  time  and  expense,  it 
is  a  wise  plan  to  place  two  or  three  exploders  in  the  hole.  These 
need  not  be  in  a  bunch,  but  had  better  be  distributed  at  different 
points,  so  that  the  charge  may  be  fired  by  simultaneous  blasts  pro- 
duced by  explosions  at  different  stages  from  the  bottom  of  the  hole  up. 
This  is  especially  advantageous  where  the  hole  is  damp,  or  where  a. 
very  high  grade  of  explosive  is  used.  Some  people  of  experience  in 
the  use  of  dynamite  do  not  thaw  it  out  in  winter  time,  but  depend 
upon  a  high  initial  explosion;  and  it  is  a  fact  that  when  dynamite  is 
frozen  it  will  not  explode,  except  by  a  very  large  exploder.  In  some 
cases  several  ounces  and  even  pounds  of  black  powder  are  put  in  the 
hole  in  contact  with  the  exploder  and  on  top  of  the  dynamite,  in  order 
to  produce  a  large  amount  of  shock  and  heat  to  discharge  the  higher 
explosive. 

The  passage  of  an  electric  current  is  practically  instantaneous  when 
compared  with  the  transfer  of  heat  through  any  substance.  If  several 
exploders  are  placed  at  diflferent  points  in  a  charged  hole,  and  are  con- 
nected together  in  a  series  and  tired  by  a  battery,  the  explosion  is  prac- 
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tically  instantaneous  at  all  points  in  the  hole.  This  cannot  be  the  case 
where  an  exploder  is  placed  at  any  one  point,  because,  notwith- 
standing the  fact  that  the  ignition  is  rapid,  there  must  be  a  certain 
lapse  of  time  between  the  detonation  of  the  fuse  and  the  explosion 
of  that  mass  of  powder  or  dynamite  which  is  located  farthest  from 
the  fuse.  It  is  well  known  that  an  explosion  of  powder  is  nothing 
more  than  the  conversion  of  a  solid  into  a  gas.  The  gas  occui^ies 
more  space  than  the  solid,  hence  in  its  tendency  to  expand  it 
breaks  the  rock.  Now,  it  is  easy  to  see  that  the  higher  the  grade 
of  an  explosive,  the  more  sudden  is  its  conversion  into  gas,  and 
the  more  effective  is  the  blow  which  it  delivers  in  the  drill  hole.  This 
is  well  illustrated  in  black  powder,  which  is  made  of  fine  grain,  or 
coarse  grain,  according  to  the  work  it  has  to  do.  The  fine  grain 
black  powder  will  naturally  ignite  quicker  and  produce  a  more  sudden 
conversion  into  gas,  while  the  coarse  grain  will  take  time  to  ignite; 
hence,  black  powder  of  fine  grain  may  be  called  a  higher  grade  of  ex- 
plosive, and  will  do  more  effective  work  in  rock  than  black  powder  of 
coarse  grain.  This  question  of  suddenness  of  conversion  into  gas  is 
at  times  more  important  than  the  number  of  volumes  of  gas  produced 
by  a  certain  number  of  cubic  inches  of  the  powder.  A  charge  of  black 
powder,  when  exploded  in  a  gun  barrel,  has  not  sufficient  suddenness 
of  explosive  effect  to  break  the  barrel,  while  an  explosive  of  higher 
grade,  like  one  of  the  dynamites,  which,  in  quantity,  may  produce  less 
gas,  will  break  the  barrel  because  its  conversion  from  a  solid  into  a  gas 
was  so  sudden  that  the  strength  of  the  barrel  was  not  sufficient  to  resist 
the  blow. 

The  foregoing  remarks  show  how  important  it  is,  in  breaking  rock 
under  difficult  conditions  where  high  explosive  effect  is  required, 
to  explode  the  entire  charge  instantly,  and  also  when  using  a  high 
grade  of  explosive,  to  produce  a  high  initial  explosion.  The 
placing  of  an  exploder  in  different  points  of  a  charge  is  not  a  diffi- 
cult matter.  A  dynamite  cartridge  is  usually  composed  of  a  mealy 
substance  which  is  enclosed  in  oiled  paper.  The  best  way  to  put  in 
the  exploder  is  to  make  a  hole  in  the  cartridge  with  the  jjoint  of  a 
stick,  insert  the  exploder,  and  then  by  means  of  the  thumb  press  the 
material  around  it  so  that  it  is  thoroughly  encased  in  the  powder 
and  will  not  easily  pull  out;  then  take  a  half  hitch  around  the 
cartridge  with  the  connecting  wires.     It  is  not  good  practice  to  use  a. 


534  SAUNDERS   ON   ELECTRIC    ROCK   BLASTING. 

knife  for  opening  the  cartridge  when  putting  in  the  exjjloder.  Safety 
in  the  use  of  dynamite  requires  extreme  caution,  and  sharjD  pieces  of 
metal  should  not  be  brought  in  contract  with  the  cartiidge,  excej^t  in 
cases  of  necessity.  Take  a  piece  of  oak  and  whittle  a  stick  to  a  jjoint 
like  that  on  a  pencil,  and  it  is  better  and  safer  than  anything  else  that 
can  be  used  for  this  jjurpose.  Persons  have  had  their  fingers  blown 
ofi'  through  an  attempt  to  straighten  out  an  electric  exjiloder  Avith  a 
penknife.  If  a  man  who  handles  the  explosive  is  permitted  to  use  a 
penknife  at  all  about  the  powder  house,  he  is  sure  to  so  far  forget  him- 
self as  to  apply  it  in  cases  where  some  other  and  safer  instrument  is 
just  as  good,  but  which  at  the  time  is,  perhaps,  less  convenient.  The 
writer  has  no  doubt  that  were  the  facts  known  in  regard  to  the  explo- 
sion of  powdei'-houses,  many  cases  might  be  traced  to  the  use  of  the 
penknife  by  the  single  occupant  of  tlie  building,  who  is  usually  blown 
to  atoms. 

An  interesting  expeiiment,  which  illustrates  in  a  practical  way  the 
comparative  effects  produced  by  a  slow  and  a  rajiid  initial  explosion, 
was  made  by  Sir  F.  A.  Abel,  F.E.S.,  as  follows  : 

"  Three  small  iron  cylinders  of  inch  steam  pipe,  each  being  5  ins. 
in  length  and  having  a  cap  screwed  on  one  end,  were  embedded  in  the 
earth,  with  the  open  ends  level  with  the  surface. 

"  In  the  first  was  placed  a  charge  of  fine  grain  gunpowder,  which 
was  fired  by  an  electric  fuse,  primed  with  mealed  powder.  The  powder 
exj)loded  with  a  dull  report,  leaving  the  cylinder  in  place  and  unin- 
jured. 

"  The  second  tube  contained  an  electric  fulminate  fuse,  the 
remainder  of  the  space  being  filled  with  sand.  On  firing  this,  the  tube 
was  bulged  and  cracked  a  little,  but  not  moved. 

"  The  third  tube  contained  the  same  quantity  of  powder  as  was  used 
in  the  first  one,  but  it  was  fired  by  a  fulminate  fuse  similar  to  that 
which  was  used  in  the  second  tube. 

"  In  this  case  the  report  was  sharp,  the  cylinder  was  torn  to  pieces, 
which  were  scattered  about,  and  the  earth  in  which  it  was  embedded 
was  thrown  out  so  as  to  leave  a  considerable  cavity." 

There   are  many  diflferences  of  opinion  as  to  whether  an  electric 

exploder  should  be  placed  in  the  top,  bottom,  or  middle  of  a  charge. 

The  writer's  esteemed  friend,  Mr.  Arthur  Kirk,  of  Pittsburgh,  is  j^ro- 

nounced  in  favor  of  putting  the  exploder  at  the  bottom  of  the  hole, 

because  of  his  desire  to  produce    "the  first  jaoint  of  rupture  at  the 

very  bottom  of  every  hole  on  the  circuit  at  the  same  instant."      There 

are   others  who  claim  that  the  exploder  should  be  placed  in  the  top 

of  a  charge,  because  it  is  preferable  to  break  the  rock  at  the  top  first 

and  so  relieve  that  at  the   bottom  wtere  the   greatest   resistance  is 
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encotinterecl.  The  writer  thinks  it  is  largely  a  question  of  what  kind 
of  a  blast  it  is  desired  to  make — whether  the  rock  is  to  be  broken 
for  the  sake  of  getting  it  ont  of  the  war,  or  whether  it  is  to  be 
dislodged  in  large  masses  for  dimension  stonework.  Under  ordinary- 
conditions  of  work  in  mining  and  tunneling  the  exploder  should 
be  placed  about  in  the  center  of  the  charge.  Dynamite  cartridges 
are  usually  made  about  8  ins.  long.  If  a  hole  takes  three  car- 
tridges, put  the  exploder  in  the  middle  of  the  second  one.  If  the 
hole  takes  a  dozen  or  more  cartridges,  and  the  rock  is  very  hard, 
with  strong  lines  of  resistance,  the  writer  would  advise  placing  two  or 
three  exploders  in  the  hole,  one  at  the  top,  another  at  the  middle,  and 
another  at  the  bottom.  Under  ordinary  conditions  of  mining,  the 
holes  are  only  about  6  ft.  deep,  about  two-thirds  of  which  from  the 
bottom  up  is  occupied  by  the  explosive  ;  hence,  a  single  exploder  in 
the  center  of  the  charge  is  sufficient,  except  where  the  dynamite  is 
frozen,  or  gelatine,  forcite,  or  other  powders,  are  used  which  require 
a  heavy  detonation,  in  which  case  the  double  strength  exploders  should 
be  used.  If  one  is  equipped  with  only  the  single  strength,  it  is  best  to 
put  two  exj^loders  in  each  hole,  one  of  which  may  be  a  blank  one,  that 
is,  not  connected  with  the  electric  battery,  but  simply  placed  alongside 
the  exploder  to  which  the  wires  are  attached. 

In  quarrying  heavy  dimension  stone  it  is,  perhaps,  all  well  and 
good  to  put  the  exploder  at  the  bottom  of  the  hole,  but  even  then 
much  depends  upon  the  nature  of  the  stone.  Dimension  stone  quar- 
rying, where  blasting  is  resorted  to,  involves  great  care  on  the  part  of 
the  foreman.  Dynamite  or  other  high  explosives  have  no  place  in 
dimension  stone  qiiarries,  except  for  stripping.  Low  grades  of 
explosives  should  be  used,  and  as  large  an  air  cushion  as  possible 
should  be  left  over  the  charge.  A  quick  explosion  is  not  desirable ; 
on  the  contrary,  a  slow  moving  and  accumulative  force,  when  pro- 
duced by  an  explosion,  and  when  confined  in  rock,  will,  through  its 
expansion,  simjily  dislodge  the  mass.  In  such  work  as  this  it  is  a 
question  of  little  importance,  whether  or  not  the  detonation  takes 
place  in  the  toj),  bottom,  or  middle  of  the  hole. 

The  claim  Avhich  has  been  made  that  it  is  best  to  loosen  the  rock 
near  the  top  of  the  hole  first,  has  apparently  some  merit.  In  hard, 
compact  rock  it  is  possible  to  conceive  a  condition  of  things,  where 
the  breaking  of  the  top  of  the  hole  by  an  explosion  of  the  top  of  the 
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charge,  might  be  advantageous  in  rediicing  the  resistance  which  is 
encountered  at  the  bottom.  In  blasting  the  "cut,"  for  instance,  in 
tunnel  work,  as  much  jjowder  is  used  as  in  all  of  the  side  rounds  com- 
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Fig.  2. 

"bined.  At  times  the  resistance  is  so  great,  that  the  highest  grade  of 
dynamite  is  blown  out  of  the  hole,  and  the  hole  is  rechai'ged  several 
times  before  the  "cut"  is  "thrown."  It  not  infrequently  happens 
that  about  half  the  hole  is  blown  out  and  a  second  charge  is  required 
to  break  to  the  bottom;  and  it 
is  only  by  such  means  that  the 
"  cut  "  is  completely  blasted 
out.  Those  who  are  not  famil- 
iar with  tunnel  work  can  un- 
derstand what  is  meant  by  this 
"by  referring  to  Figs.  2  and  3, 
the  former  being  a  horizontal 
section,  and  the  latter  a  face 
view  of  a  tunnel  heading. 

The  converging  holes  shown  in  Fig.  2,  which  begin  at  the  face  of  the 
heading  and  meet  at  the  bottom,  are  the  cut  holes.  These  are  shown  in 
Fig.  3,  charged  and  connected  by  wires  which  lead  to  the  battery.  It 
is  obvious  that  in  blasting  these  holes,  an  effort  is  made  to  throw  out  a 
wedge-shaped  piece  in  the  center.  Where  the  rock  is  compact  and 
hard,  an  explosion  of  tremendous  force  is  necessary  to  overcome  such 
great  resistance.  If  we  conceive  a  case  where  these  holes  are  put  in  to 
a  depth  of  15  or  20  ft.,  which  is  seldom  required,  it  is  easy  to  under- 
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stand  how  difficult  it  would  be  to  do  any  work  at  all  by  attempting  to 
break  from  the  bottom,  without  iirst  throwing  off  some  chips  near  the 
mouth  of  the  hole,  and  an  exaggerated  case  of  this  kind  illustrates  the 
reason  for  the  claim  that,  under  such  conditions,  it  is  advantageous  to 
place  the  exploder  near  the  mouth  of  the  hole. 

The  common  electric  exploder  is  not  water-proof,  though  it  ajjpears 
to  be  so.  As  previously  stated,  it  has  a  copper  case  which  is  plugged 
with  sulphur  cement.  Sulphur  is  used  principally  because  it  does  not 
contract  when  cooling  from  a  liquid  to  a  solid  state.  But  copper  and 
sulphur  expand  and  contract  unevenly  when  under  the  influence  of 
moisture  and  change  of  temperature.  In  a  wet  hole,  especially  where 
there  is  some  pressure  of  water,  the  exploder  may  leak  between  the 
sulphur  and  the  copper  case,  so  that  it  is  well  to  bear  in  mind,  that, 
for  wet  work,  exploders  should  be  used  which  have  been  dipped  in 
Tubber  cement  or  other  water-proof  material.  Shoemakers'  wax  has 
Taeen  found  to  be  superior  even  to  rubber  cement  in  water-proofing 
exploders.  This  wax,  after  being  warmed,  should  be  allowed  to  cool 
nearly  to  the  consistency  of  jelly,  before  ajjplying  it  to  the  exploder. 

In  connection  with  the  manufacture  of  electrical  exploders,  much . 
■care  should  be  observed  to  get  them  uniform.  The  bridge  of  platinum 
wii*e,  through  the  incandescence  of  which  the  exploder  is  fired,  should 
be  exactly  the  same  in  diameter  and  length  of  wire  in  one  exploder  as 
in  another  ;  and  as  this  wire  is  soldered  at  each  end  to  the  points  of 
the  wires  which  lead  from  the  battery,  it  is  important  to  use  an  uniform 
grade  of  solder,  and  to  do  the  work  of  soldering  by  machinery,  so  that 
the  same  quantity  is  used  in  each  case,  and  the  soldering  does  not  ex- 
iend  over  the  platinum  bridge.  If  several  electric  exploders  are  con- 
nected in  series,  and  it  is  intended  to  fire  the  whole  simultaneously,  it 
is  obvious  that  if  the  platinum  bridge  in  one  is  thicker  than  in  the  other, 
or  is  longer,  or  contains  a  surjilus  of  solder,  there  will  be  an  inequality 
in  the  resistance,  which  may  resvilt  m  failure  to  explode.  Manufacturers 
who  do  not  observe  a  thorough  system  of  testing  exploders  before 
shipping  should  not  be  patronized.  The  test  should  determine,  not 
only  that  the  exploder  is  perfect  in  all  its  connections,  but  that  it  is 
uniform  in  electrical  resistance. 

In  an  electrical  blasting  outfit,  the  exploder  is  the  key  to  the  situa- 
tion. It  is  a  small  thing,  and  must  be  a  cheap  thing  in  order  to  make 
it  pay  to  use  it,  but  it  should  be  a  reliable  thing.     No  one  can  estimate 
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the  disastrous  results  in  loss  of  life  and  property  whicli  may  be  traced 
to  a  missed  hole  which  had  retained  the  fulminate  cap.  It  is  a  danger- 
ous operation  even  to  attempt  to  take  out  the  tamping  with  a  scraper, 
yet  some  people  are  foolish  enough  to  drill  out  a  missed  hole,  thinking 
that  they  know  just  where  the  exploder  is,  and  can  stop  drilling  a  few 
inches  above  it.  Missed  holes  cannot  always  be  traced,  to  a  defective 
exploder,  but  quite  as  frequently  occur  because  an  insiifficient  strength 
of  current  has  been  thrown  into  the  line.  The  current  must  be  strong 
enough  to  make  the  exploder  bridge  red  hot,  and  there  is  no  disadvan- 
tage in  having  it  so  strong  that  it  Avill  actually  burn  the  bridge. 

The  wires  attached  to  exploders  vary  in  length  from  4  to  20  ft. 
It  is  not  necessary,  as  some  may  suppose,  to  have  the  length  of  ex- 
ploder wire  about  equal  to  the  depth  of  hole,  but,  with  proper  manage- 
ment, common  connecting  wire  may  be  used  with  short  wire  ex])loders, 
thus  saving  money,  because  connecting  wire  may  be  bought  at  figures 
lower  in  proiiortion  than  the  cost  of  long  -wire  in  exploders.  Several 
rolls  of  connecting  wire  should  always  be  on  hand,  and  it  can  be  used 
over  again  by  saving  the  fragments  after  a  blast,  connecting  them 
together  and  covering  the  Joints.  It  is  a  curious  fact,  that  all  manu- 
facturers of  exploders  make  the  two  wires  of  exactly  the  same  length. 
If  the  wires  are  longer  than  the  depth  of  hole,  there  is  no  disadvan- 
tage in  having  them  the  same  length,  because,  in  connecting  uja, 
they  separate  at  the  moiith  of  the  hole,  and  the  two  bare  connections 
cannot  touch.  Biit  it  frequently  happens  that  short  wire  exploders  are 
used  in  deep  holes,  and  in  such  cases  the  two  wires  run  parallel  with 
each  other,  the  two  bare  connections  being  so  close  that  they  must 
either  be  covered  with  insixlating  tape,  or  carefully  kept  apart.  Let 
one  exploder  wire  be  3  or  4  ins.  longer  than  the  other,  and  the  current 
cannot  be  short-cii-cuited  by  the  bare  ends  touching. 

The  question  is  frequently  asked  whether  or  not  bare  connections 
should  be  covered.  "With  the  old  system  of  blasting,  that  by  the  cur- 
rent of  high  intensity,  it  was  absolutely  necessary  to  cover  all  connec- 
tions; but  the  present  American  system  uses  a  current  of  low  intensity 
which  does  not  spark  or  jump,  but  which  will  follow  the  best  conductor, 
which  is  a  copper  connecting  -n-ire.  In  damp  places  the  joints  should 
be  covered,  because  connecting  wires  are  not  alwaA's  made  of  the  best 
conducting  material,  and  some  little  loss  of  current  takes  place  when 
the  bare  wire  is  brought  in  contact  with  wet  surfaces.     The  current 
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usually  sent  out  from  a  blasting  battery  is  not  so  strong  that  these 
losses  can  be  suffered.  Always  cover  connections  where  there  is  any 
chance  for  them  to  connect  with  metallic  surfaces.  Always  cover  con- 
nections which  occur  in  two  parallel  wires  in  a  drill  hole,  as  they  are 
liable  to  touch.  It  sometimes  suffices  to  cover  one  of  the  connections 
only. 

An  illustration  is  given  of  the  most  popular  form  of  tape  iised  for 
covering  connections. 


This  tape  is  made  of  okonite,  and  makes  even  a  better  insulation 
than  the  common  v,-iie  cover.  When  the  cover  is  peeled  off,  the  tape 
is  soft  and  the  warmth  of  the  hand  is  sufficient  to  cause  it  to  stick 
to  the  wire.  Its  low  cost,  about  SI.  50  per  poimd,  commends  it. 
It  is  put  up  in  ^  lb.  packages  in  widths  of  i  and  }  in.,  and  when 
used  properly,  a  pound  of  it  will  last  for  some  time.  It  frequently 
pays  for  itself,  provided  it  is  used  to  cover  joints  made  by  con- 
necting up  the  fragments  of  broken  wires.  Even  short  pieces  may  be 
made  use  of  and  used  over  and  over  again  by  properly  covering  the 
joints. 

Making  the  joint  is  not  so  simple  an  operation  as  it  appears.  The 
first  thing  to  do  is  to  bare  the  wires;  and  if  they  are  already  bare, 
it  is  best  to  use  a  knife  in  scraping  them,  thus  removing  all  oil  or 
other  material  which  may  interfere  with  a  perfect  connection.  Two 
points  must  be  observed:  one  is,  to  bring  the  two  wires  in  thorough 
contact  with  each  other;  and  the  other,  to  so  connect  them  that  they 
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-will  not  easily  pull  apart.     In  order  to  do  this,  both  wires  should  be 
twisted  in  the  manner  shown  in  the  illustration  herewith. 


Fig.  5. 

Bring  the  two  ends  together  Tvith  both  hands,  and,  by  means  of 
each  thumb,  twist  alternately  one  wire  and  the  other,  and  in  this  way 
they  are  not  only  brought  in  perfect  contact,  but  they  are  tied 
together. 

Connecting  wire  is  usually  made  of  copper,  because  of  its  high  con- 
ductivity. It  is  important  to  have  it  of  the  best  conducting  material,  so 
that  the  electric  current  will  not  be  disposed  to  run  into  the  ground,  as  it 
may  do  at  exposed  jjoints.  It  is  not  an  uncommon  thing  to  make  a  blast 
with  an  electric  battery,  using  a  piece  of  bare  copper  wire  laid  in  con- 
tact with  the  ground  or  rock;  but  as  electricity  always  follows  the 
best  conductor,  there  is  little  or  no  current  lost.  However  this  may 
be,  a  covered  wire  is  the  safest,  because, 
as  previously  stated,  there  is  never  too 
much  electricity  thrown  into  a  blasting 
circuit,  and  the  stronger  the  current,  the 
more  certain  is  it  that  each  cartridge  will 
explode.  ^     „ 

^  Fig.  6. 

Figs.   6  and  7  illustrate   two    different  forms    of   connecting   wire 

holders  with  the  spools  attached.     The  holder  shown  in  Fig.  7,  when 

laid  over  on  its  side,  as  illustrated,  is  in  position  to  wind  up  the  wire, 

and  has  sometimes  been  used  in  this  way  to  carry  spools  of  leading 

wire.     Either  one  of  these  holders  is  simple,  cheap  and  useful.     It  is 

much   better  to  follow  a  system    which  requires  all  the  wires  to  be 

rolled  on  spools  or  reels  after  the  blast,  and  thus  to  avoid  the  liability 

of  losing  time  by  tangled  pieces  of  wire,  and  failures  to  fire  caused 

lay  broken  wire,  kinks,  etc. ;   besides,  the  reel  is  a  means  by  which 

wire  is  saved.     There  are  times  during  the  day  when  some  one  about 
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the  work  can  spare  time  to  assort  the  several  pieces  of  connecting 
wire,  splice  tliem  together,  cover  the  connections  with  joint  insulating 
tape,  and  roll  them  on  the  spools  to  be  ready  when  the  time  comes  to 
blast.  Be  sure  to  make  use  of  the  wire  which  comes  with  the 
exploder,  as  the  blast  seldom  destroys  it  all.  It  is  about  the  same  in 
diameter  and  in  nature  of  material  as  regular  connecting  wire,  and, 
with  i^roiDcr  care,  these  exploder  wires  may  furnish  a  supply  of  con- 
necting wire. 

Leading  wire  is  used  for  the  purpose  of  conveying  the  electric 
current  from  the  battery  to  the  connecting  wire,  and  forms  a  very  im- 
portant part  of  a  blasting  outfit.  About  500  ft.  of  leading  wire  is 
required  for  each  equipment,  and  as  two  lengths  are  required,  this 
would  locate  the  batterv  250  ft.  from  the  blast.     This  distance  is  not, 


Fig.  7. 

however,  always  safe,  and  it  must  be  borne  in  mind  that  it  does  not 
j)ay  to  be  too  economical  in  the  amount  of  wire  used.  The  two  leaders 
should  run  out  a  sufficient  distance  from  the  blast  to  reach  a  point 
absolutely  safe  for  a  man  to  stand  when  operating  the  machine.  This 
should  sometimes  be  500  ft.,  thus  requiring  1000  ft.  of  leading  wire. 
This  wire  should  be  of  the  best  quality  of  copper,  with  double 
insulating  cover.  There  is  a  standard  furnished  by  all  manufacturers 
of  blasting  apparatus,  which  should  be  the  size  employed  in  every 
case.  A  reduction  of  the  size  will  reduce  the  efficiency  of  the  current. 
No.  14  wire  gauge  is  about  the  standard,  braided  with  cotton,  and 
water-proofed  by  being  dipped  in  paraffine.  It  costs  about  one  cent 
per  foot. 
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An  excellent  form  of  such  wire  is  a  cable  composed  of  two  wires 
wound  together  except  for  about  30  ft.  at  the  end,  when  they  are 
separated  so  as  to  be  connected  at  each  end  of  a  circuit.  This  cable  is 
made  by  taking  two  well-insulated  copj^er  wires  and  binding  them 
together  by  an  additional  insulation.  The  advantage  of  the  cable  is, 
that  less  delay  is  likely  to  arise  by  entanglement  of  wires,  and  time 
may  be  saved  by  having  only  one  instead  of  two  separate  ones. 

The  rule  should  always  be  to  use  a  leading  wire  reel,  as  it  saves 
time  and  expense,  and  insures  certainty  in  the  electric  connection.  It 
is  the  worst  kind  of  policy  to  have  a  tangled  mass  of  wire  to  be  a 
source  of  delay,  annoyance  and  expense,  when  the  blast  is  ready 
for  the  connection  to  be  made.  As  the  leading  wire  is  heavy,  it 
is  aj^t  to  break  if  twisted  too  much;  and  as  it  is  difficult  to  detect  the 
break,  it  is  sometimes  advisable  to 
put  in  a  single  exploder  on  the 
ends  of  the  wire  and  test  it  with  the 
battery. 

There  are  many  forms  of  reels  in 
use  for  carrying  leading  wires.  A 
good  carpenter  can  make  a  satisfac- 
tory reel,  and  a  gopd  one  can  be 
bought  for  $4:.  ^  Fk,  g. 

Fig.  8  shows  a  common  form  of  reel.  It  is  simply  a  cast-iron  frame 
carrying  two  spools,  around  each  one  of  which  a  wire  is  wrapped. 
One  end  goes  to  the  battery,  and  the  other  to  the  blast.  Another 
form  of  reel  is  a  wooden  spool  mounted  in  a  frame  of  wood,  and 
provided  with  a  handle  and  bearings  for  the  spool.  Some  makers 
offer  reels  that  are  enclosed  in  a  ])ox.  The  writer's  experience  is  that 
the  simplest  reel  is  the  best.  It  should  be  open  so  as  to  be  clearly 
understood  and  easily  examined,  in  case  any  break  is  discovered  in  the 
circuit.  Such  a  break  must  be  traced,  and  the  best  j^lace  to  begin 
is  at  the  battery,  following  the  wire  to  the  blast. 

The  writer  is  not  an  advocate  of  the  use  of  so-called  blast  testers. 
Some  beautiful  machines  have  been  made  and  are  sold  for  the  purpose 
of  testing  the  circuit.  In  some  of  them  a  flash  is  made  to  indicate  that 
the  circuit  is  complete,  and  in  others  a  little  V:;ell  will  jingle.  Those 
who  sell  them  have  a  very  strong  argument  Avhen  they  claim  that  much 
trouble  and  expense  is  caused  by  finding  out,  when  an  attemjjt  is  made 
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to  fire  with  the  battery,  that  there  is  a  broken  wire  or  a  defective  ex- 
ploder in  the  circuit,  and  that  it  had  better  be  tested  beforehand.  It 
is  certainly  true  that  it  is  a  great  satisfaction  to  know  that  the  circuit  is 
comijlete,  and  that  the  blast  is  going  to  fire,  before  the  battery  is  used; 
but  the  so-called  testing  machines  do  not  always  give  such  knowledge, 
and  the  delay  caused  by  their  use  scarcely  warrants  the  trouble. 
There  is  one  great  advantage  in  a  testing  machine,  and  that  is,  it  can 
be  used  to  test  each  exploder  ";  but  the  waste  of  time  involved  scarcely 
warrants  a  system  of  testing  all  the  exploders. 

The  writer  used  a  testing  machine  in  some  submarine  work  several 
years  ago.  It  was  one  of  the  jingle-bell  kind,  and  as  there  had  been 
many  misfires  it  was  welcomed  as  a  means  by  which  he  might  not  be 
further  harrassed.  Before  every  blast  the  testing  machine  was  used, 
and  with  great  joy  it  was  noted  that  the  little  bell  rang  on  every  oc- 
casion. It  hajjpened  one  day  that  a  blast  failed  to  go  ofif,  although 
the  tester  had  been  used,  and  the  bell  had  jingled  as  loudly  as  ever. 
To  make  sure,  the  tester  was  tried  again  with  the  same  result.  One  of 
the  leading  wires  was  then  cut  in  two  with  a  knife,  and  the  ends  held 
apart  in  the  water  and  the  testing  machine  jingled  away  with  great 
assurance.  On  examination  it  was  found  that  the  jirinciple  on  which 
the  testing  machine  was  made  was  the  generation  of  a  current  of  low 
quantity  which  was  not  of  sufiicient  strength  to  produce  redness  in  the 
exploder  Mire,  but  was  strong  enough  to  jump  through  the  water  and 
ring  the  bell.  The  common  battery  which  produces  a  current  sufiicient 
to  ring  a  door  bell  on  the  push  of  a  biitton,  illustrates  this  jjoint.  This 
current  is  of  very  low  voltage  and  would  not  set  off"  an  exploder,  but 
so  long  as  there  is  a  reasonably  good  connecting  medium  its  influence 
will  be  felt  in  the  bell.  Water  is  a  fairly  good  conductor,  and  as  water 
or  moist  places  are  common  about  blasting  opeiations,  it  seems  better 
to  run  the  risk  of  having  a  break  in  the  wire  to  be  discovered  by 
the  failure  of  the  battery,  than  to  spend  much  time  with  a  testing 
machine. 

Let  us  suppose  that  a  testing  machine  is  reliable,  and  that  the 
bell  Avill  ring  only  when  the  wire  circuit  is  absolutely  unbroken.  Sui?- 
pose  we  have  a  break  and  on  applying  the  testing  machine  it  is  dis- 
covered that  the  circuit  is  not  comj^lete,  we  are  now  in  exactly  the 
same  position  that  we  Avould  be  in  had  we  attempted  to  fire  the  blast 
by  the  battery,  because  if  there  is  a  break  the  battery  will  produce  no 
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effect.  The  testing  machine  now  comes  in  as  a  means  by  which  we 
may  trace  the  break,  but  in  order  to  do  this  we  must  disconnect  all  the 
wires  and  test  each  hole  separately.  If  the  break  is  below  the  tamping^ 
it  is  a  dangerous  operation  to  try  to  get  at  the  exploder.  It  is  in  this 
way  that  the  worst  accidental  explosions  occur.  It  is  far  better  to  try 
to  blast  with  the  battery,  and,  if  there  is  a  failure,  leave  out  one  or 
more  end  holes.  In  this  way  some  of  them  may  be  blasted ;  the 
others  which  fail  to  explode  receiving  attention  afterward  by  an  addi- 
tional hole  sufficiently  removed  for  safety  from  those  containing  un- 
exploded  powder. 

In  nineteen  cases  out  of  twenty  a  failure  to  explode  is  due  to  a  de- 
fective exploder,  and  not  to  a  broken  wire.  In  making  this  statement 
it  is  assumed,  of  course,  that  reels  are  used  and  care  is  taken  to  keep 
the  wires  in  good  condition.  A  defective  exploder  is  a  serious  thing, 
yet  the  writer's  experience  is,  that  notwithstanding  the  fact  that  reliable 
manufacturers  test  all  of  their  exploders,  defects  occur  through  cor- 
rosion, and  it  is  absolutely  impossible  to  make  sure  that  exploders 
are  perfect  unless  they  are  tested  just  before  they  are  used.  In  this 
respect  the  testing  machine  comes  in  to  advantage.  The  solder  com- 
monly used  by  plumbers  will  not  do  to  join  the  platinum  bridge  to  the 
two  ends  of  a  copper  wire  in  an  exploder.  Lead  and  platinum  do  not. 
do  well  together,  because  of  the  liability  of  corrosion,  which  results  in 
breaking  the  platinum  bridge;  therefore,  a  lead  solder  shoiild  not  be 
used  with  a  platinum  wire.  The  writer's  experience  is,  that  where  due 
care  is  observed  in  looking  after  the  wires  and  in  keeping  them  in  good 
condition,  and  where  exploders  are  not  stored  away  in  damp  i^laces  or 
kept  too  long  a  time  before  use,  it  is  a  very  unusual  thing  to  have  a 
broken  connection,  except  in  difficult  work  under  water,  or  where  the 
rock  tends  to  crumble  and  cut  the  wires. 

The  first  thing  to  do  after  the  battery  has  failed  to  fire  a  blast, 
is  to  see  that  the  leading  wires  are  properly  connected  to  the  binding 
posts  of  the  battery;  then  to  follow  each  leading  wire  through  the 
reel  and  to  the  blast.  See  that  the  ends  of  the  leading  wires  are  prop- 
erly bound  to  the  ends  of  the  connecting  wires;  then  follow  each  con- 
necting wire  into  each  hole,  taking  care  to  observe  that  the  joints  are 
properly  insulated.  If  the  man  who  did  the  tamping  used  proper  care 
with  his  wires,  and  if  the  exploders  are  in  good  condition,  the  break  is 
sure  to  be  found.     If  it  is  above  ground  there  is  no  use  of  trying  to  find 
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it  anywhere  else,  but  it  would  be  better  to  abandon  some  of  the  holes 
than  to  endanger  human  life  by  attempting  to  pry  into  them. 

Common  leading  and  connecting  wire  in  the  process  of  manufac- 
ture is  pulled  through  a  die  to  make  it  uniform  in  size,  and  the  makers 
are  sometimes  careless  about  the  connection  of  the  two  ends.  When 
the  end  of  a  piece  of  wire  is  reached,  another  piece  is  simply  put  up 
against  it  with  no  more  connection  than  that  made  by  the  woven  cover. 
Unless  the  wire  is  tested  before  shipping,  it  cannot  be  relied  upon;  but 
every  good  manufacturer  tests  each  piece  that  he  sells,  and  even  if  a 
piece  is  shipped  with  one  of  these  broken  points  beneath  the  cover,  it  is 
discovered  the  first  time  that  an  attempt  is  made  to  use  it. 

The  battery  is  the  generator  which  makes  electric  blasting  possible. 
The  American  battery  is  as  distinct  from  that  of  any  other  country  as 
the  American  system  of  blasting  is  distinct  and  superior  to  any  other. 
It  is  because  of  the  reliability  of  the  American  battery  that  electric 
blasting  has  rej^laced  the  fuse  so  generally  in  America,  and  it  is  owing 
to  the  unreliability  of  batteries  used  in  foreign  countries  that  the  fuse 
is  still  preferred  there. 

The  American  battery  is  a  magneto-electric  machine,  that  is,  it  is  a 
hand  dynamo,  while  the  foreign  battery  is  the  old  style  friction  machine 
which  was  tried  and  long  since  abandoned  in  this  country.  Frictional 
machines  are  injured  by  moisture,  and  are  weakened  in  capacity  by  wear, 
it  being  necessary  to  give  them  constant  attention;  besides,  the  current 
itself  is  one  of  high  intensity  and  little  quantity,  and  it  has  little  heat- 
ing capacity.  It  simply  sparks,  and  to  use  it  with  any  degree  of  cer- 
tainty, requires  the  most  perfect  insulation  in  damp  holes,  and  in  sub- 
marine work  it  is  very  unreliable. 

The  great  advantages  of  the  magneto  machine  are  its  reliability 
and  indestructibility;  it  requires  little  or  no  attention,  is  simple  in 
construction  and  light  in  weight.  The  low  tension  current  which  it 
produces  does  not  spark  and  is  not  lost  in  damp  places,  requiring  no 
special  care  in  insulating  all  the  joints,  and  thus  adding  very  much 
to  the  reliability  of  the  system. 

In  Germany  the  old  Bornhardt  machine  is  used.  This,  like  all  fric- 
tion machines,  involves  the  turning  of  a  crank,  storing  a  current  in  a 
condenser,  and  at  a  certain  point  discharging  it  by  pressing  a  button. 
Other  friction  machines  in  use  abroad  are  the  Mowbray,  Siemens  and 
Leclanche.     It  is  curious  to  note  that  Mr.  H.  Julius  Smith,  the  inventor 
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of  the  first  successfiil  magneto-electric  battery,  began  by  constructing 
a  frictional  machine,  wliicli  was  at  first  used  to  a  limited  extent  in 
America.  This  battery  consisted  of  a  wooden  case  about  12  ins. 
square  and  6  ins.  deep.  A  handle  projected  on  the  top  of  the 
case  and  was  revolved  horizontally.  After  attaching  the  leading 
wires  the  handle  was  turned  a  certain  number  of  times  in  one  direction 
and  then  turned  a  quarter  of  a  revolution  backward,  and  by  this  means 
discharged  the  condenser  and  fired  the  blast.  This  machine  was  less 
exposed  than  others,  and  less  affected  by  moisture,  and  it  was  the 
lightest  battery  ever  made,  weighing  only  10  lbs. ,  but  it  readily  gave 
way  to  the  hand  dynamo. 


Fig.  9. 
Fig.  9  illustrates  the  interior  construction  of  the  first  successful 
magneto-electric  blasting  machine.  This  apparatus  is  the  invention 
of  Mr.  H.  Julius  Smith,  and  is  sometimes  known  as  the  "plunge  "  or 
"rack"  battery.  It  is  constructed  on  the  princijile  of  an  ordinary 
dynamo  in  that  it  is  an  iron  magnet  of  the  horse-shoe  character 
wound  about  with  coils  of  insulated  copper  wire;  between  the  poles  of 
the  magnet  there  is  fitted  to  revolve,  an  armature  of  cylindrical  con- 
struction, carrying  in  its  body  other  insulated  wire  coiled  longittidi- 
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nally  as  to  the  cylinder.  The  rapid  revolution  of  the  armature  hy 
suitable  means  generates  and  sustains  in  the  machine  an  accumulative 
current  of  electricity  of  gi'eat  power,  which,  at  the  moment  of  its  maxi- 
mum intensity,  is  switched  off  to  the  outside  circuit  in  which  are 
the  fuses,  and  in  the  interior  of  each  fuse  the  ignition  is  accomijlished 
instantly. 

A  is  the  principal  magnet.  B  the  armature  revolving  between  the 
poles  of  the  princii^al  mag-net.  C  the  loose  pinion,  its  teeth  engaging 
with  the  rack  bar,  and  by  a  clutch  also  engaging  with  the  spindle  of 
the  armature  on  the  downward  stroke  (only)  of  the  rack  bar.  I)  the 
spring,  which,  when  struck  by  the  foot  of  the  descending  rack  bar, 
breaks  the  contact  between  two  small  platinum  bearings,  and  causes 
the  whole  current  of  electricity  to  pass  through  the  outside  cir- 
cuit— the  leading  wire  and  fuses.  E  the  two  platinum  bearings,  one 
on  the  upi^er  face  of  the  spring,  the  other  in  the  machines  as  at  i^resent 
constructed,  being  a  screw  with  a  platinitm  point,  passing  through  the 
yoke  above  the  spring.     F  the  commutator. 

The  jioints  at  which,  after  long  use,  failure  is  most  likely  to  occur, 
and  repairs  may  be  needed,  are  as  follows :  the  small  pinion  C  by  violent 
usage  may  break.  A  new  one  can  be  fitted  with  little  trouble.  The 
platinum  bearings  at  E  may  be  fouled  by  dust  or  other  foreign  sub- 
stance; it  is  necessary  that  these  should  be  bright  and  clean.  Open- 
ing the  case  at  the  back,  examination  and  cleaning  if  necessary,  can 
be  easily  accomi^lished. 

The  "commutator"  is  a  thin  ring  of  copper  like  a  section  of  a 
tube  (or  would  be  so  were  it  not  divided  by  a  saw  cut  on  each  side  into 
two  equal  parts)  fastened  ui^on  a  hard  rubber  hub.  The  "  commutator" 
has  pressing  tipon  it  (on  the  outer  surface  of  the  ring)  two  copper 
springs.  These  should  press  firmly  upon  it,  and  its  surf  ace  should  be 
bright  and  clean.  In  the  course  of  time,  particularly  if  the  machine 
has  not  been  used,  this  surface  may  become  tarnished;  then  it  will 
be  necessary  to  make  it  bright.  Rubbing  with  dry  emery  paper' will 
serve  this  purpose;  afterward  the  surface  should  be  slightly  oiled. 
Also,  small  jjarticles  of  copper,  the  result  of  the  wear  of  the  ring  or 
the  springs  may  fall  into  the  crevices  between  the  two  jjarts  of  the 
ring.  If  these  crevices  become  filled  with  dust  or  copper,  the  result 
will  be  to  weaken  the  effectiveness  of  the  machine,  as  it  is  necessary 
that  the  two  parts  of  the  ring  should  be  insulated. 
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In  order  to  cleanse  tliis  ring  or  commutator,  the  rack  must  be  taken 
out  of  the  case,  which  can  be  done  by  removing  the  small  screw  near  the 
lower  end;  then  the  interior  working  j^arts  of  the  machine,  with  the 
shelf  on  which  they  rest,  can  be  moved  partly  out  of  the  case — far 
enough  for  the  purpose.  The  parts  being  within  reach,  remove  the 
springs  which  press  upon  the  commutator,  and  the  yoke  which  holds 
in  place  the  spindle  upon  which  the  commutator  runs,  and  the  latter 
can  then  be  readily  cleaned  and  replaced. 

This  machine  should  never  be  exposed  to  excessive  or  long-con- 
tinued heat;  should  not  stand  for  over  an  hour  at  one  time  in  the 
hot  sun,  or  where  the  thermometer  may  show,  say,  90^  of  heat. 
That  heat  which  will  melt  sealing  wax  might  be  destructive  to  the 
machine. 

Two  sizes  of  the  "plunge  "  battery  are  made,  known  as  the  "  No. 
3  "  and  "No.  4."  The  capacity  of  the  "No.  3"  is  about  12  holes, 
and  of  the  "No.  4"  about  25  holes,  but  many  persons  claim  that 
they  can  fire  a  greater  number  of  holes  with  the  smaller  "No.  3" 
battery  than  with  the  "No.  4.'"  With  a  "No.  3"  machine  in  good 
condition  one  is  more  likely  to  fire  a  larger  number  of  holes  than  with 
the  "No.  4,"  because  of  the  resistance  which  the  latter  offers  in  push- 
ing down  the  handle,  and  the  difficulty  in  getting  up  sjjeed  enough  in 
the  armature  to  discharge  a  strong  current.  It  is  obvious  that  to  get 
the  best  work  out  of  the  "plunge  "  machine,  the  handle  must  press 
down  in  a  perfectly  straight  line  without  bearing  either  way  and  the 
greatest  sjjeed  must  be  acquired  at  the  end  of  the  stroke.  It  is  a  diffi- 
cult matter  for  anyone,  no  matter  how  exjierienced  he  may  be  in 
the  use  of  these  batteries,  to  discharge  exactly  the  same  quantity  of 
current  at  each  operation.  To  get  the  best  result  one  shoiild  take 
hold  of  the  handle  with  the  right  hand  and  lift  it  to  its  full  length, 
then  press  it  down,  at  first  with  moderate  speed,  but  finishing  the 
stroke  with  all  possible  force,  bringing  the  rack  to  the  bottom  of  the 
box  with  a  solid  thud.  Some  persons  in  using  this  machine  give  the 
rack  a  churning  motion  before  pushing  it  all  the  way  down. 
This  is  of  no  advantage  whatever;  on  the  contrary,  it  is  likely 
to  injure  the  machine,  as  by  several  strokes  in  quick  succession 
enough  heat  may  be  generated  to  destroy  certain  parts.  The  current 
is  no  stronger,  because  there  is  no  such  thing  as  storing  the  elec- 
tricity, the  chief  point  being  to  get  high  speed  at  the  end  of  the  stroke. 
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Another  form  of  battery  used  in  America  is  similar  to  the  "plunge,'' 
but  is  fired  by  pulling  a  rod  or  tape  instead  of  pushing  a  rack.  This 
is  known  as  the  "pull-up"  machine.  Its  general  construction  is 
similar  to  the  j^lunge,  the  chief  difference,  besides  that  already  referred 
to,  being  in  the  method  by  which  the  circuit  is  changed.  Instead  of 
striking  a  key  at  the  end  of  the  stroke,  the  current  is  thrown  from  the 
short  circuit  of  the  machine  into  the  long  circuit  containing  the  ex- 
ploders by  simjjly  breaking  the  short  circuit. 

Fig.  10  illustrates  a  new 
form  of  battery  known  as  the 
"Crescent";  its  interior  con- 
struction is  shown  in  Fig.  11. 
It  is  distinctly  diflferent  from 
all  others  in  the  method  by 
which  the  current  is  dis- 
charged. In  principle  it  is 
identical  with  the  "  plunge  " 
or  the  "  pull-up  "  so  far  as  it  £= 
consists  of  a  magnet  with  an  |- 
armature  at  the  poles.  In  the  r 
"Crescent"  this  armature  is 
revolved  by  a  rack  which  is 
a  segment  of  a  circle.  The 
I)ower  which  generates  the  cur- 
rent is  a  strong  steel  spring, 
the  ojjerator  simjjly  pressing 
this  spring  to  a  point  from 
which   it  is  automatically  re-  t'lo  lo. 

leased,  and  the  current  is  thrown  into  the  line  at  the  end  of 
the  stroke  by  breaking  the  cii'cuit,  the  rack  and  the  pinion  on 
the  armature  shaft  forming  a  short  circuit.  This  circuit  is  broken 
by  the  fact  that  the  pinion  and  quadrant  are  separat»tl  within  a  short 
distance  of  the  end  of  the  stroke,  and  the  current  which  had  been  j^ro- 
duced,  and  which  will  in  all  cases  take  the  shortest  circuit,  is  now 
forced  to  take  a  path  through  the  leading  wires  and  exjjloders. 

It  is  obvious  that  in  all  other  blasting  machines  the  strength  of 
the  current  must  depend  largely  upon  the  personal  equation  of 
t^e  operator.     This  is   shoM-n  by  the  testing  lam^j,  which  is  a  good 
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device  to  have  around  every  blasting  operation.  It  is  nothing  more 
than  a  common  incandescent  electric-light  lamp  except  that  it  is 
made  with  a  small  wire  connection,  instead  of  the  horse-shoe  shaped 
one,  common  in  light  lamps.  It  rests  on  a  small  cast-iron  stand, 
and  can  be  procured  at  an  expense  of  only  $2  25,  from  manufac- 
turers of  blasting  outfits.  These  lamps  have  short  pieces  of  wire, 
by  means  of  which  they  are  connected  with  the  poles  of  a  battery. 
The  battery  is  used  in  the  regular  way  as  it  is  when  blasting,  and  the 
full  sti'oke  of  the  current  is  thrown  into  the  lamp,  lighting  it  up. 
With  all  machines,  except  the  "Crescent,"  the  light  varies  in  intensity 
with  almost  every  oiieration.     Sometimes  it  is  a  dull  red,  then  again 


Fig.  11. 
a  bright  white,  according  to  the  speed  of  the  armature  at  the  time 
the  circuit  was  changed,  which,  of  course,  depends  upon  the  skill  of  the 
operator.  With  the  Crescent  battery,  on  the  contrary,  no  skill  whatever 
is  required;  the  ojjerator  must  have  force  enough  to  press  the  spiral 
spring  to  the  tripping  point,  when  the  battery  will  discharge  exactly 
the  same  strength  of  current  at  each  o^^eration,  no  matter  who  may 
operate  it.  On  the  shaft  of  this  battery  there  is  a  ratchet  nut,  which, 
when  tightened,  gives  the  spring  more  tension;  hence,  by  adjusting 
this  nut,  not  only  may  the  capacity  of  the  battery  be  kept  up,  but  it 
may  be  set  for  any  number  of  holes.  The  testing  lamp  shows  a  light 
from  this  battery  of  exactly  the  same  intensity  at  each  operation. 
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The  rounded  top  of  the  Crescent  battery  is  an  advantage,  in  that 
there  is  no  chance  for  moisture  or  drops  of  water  to  damage  the 
machine.  "Where  the  handle  is  on  top,  water  will  sometimes  work 
itself  down  into  the  parts  and  destroy  them.  The  top  is  made  of 
indurated  fiber,  which  is  not  only  light,  but  being  a  non-conductor  of 
electricity,  there  is  no  chance  for  the  current  to  be  thrown  into  the 
operator,  or  lost  in  the  ground.  In  all  other  batteries  the  operation  is 
a  violent  one,  but  in  this  case  it  is  just  the  contrary,  the  directions 
given  being  to  move  the  handle  slowly.  After  a  blast  has  been  fired, 
the  handle  is  taken  from  the  shaft  and  put  away,  so  that  the  battery 
may  be  left  in  the  mine  without  the  liability  of  its  being  tampered 
with  or  damaged. 

Uniform  strength,  or  quantity  of  current  at  each  operation,  is  an 
important  factor  in  electric  blasting.  In  the  first  place,  it  is  important, 
as  previously  pointed  out,  to  have  a  surplus  of  force  in  a  battery. 
A  common  cause  of  misfires,  where  several  holes  are  in  circuit,  is  a 
weak  battery,  and — what  is  just  the  same  thing — a  weak  discharge  from  a 
strong  battery.  A  weak  current  will  not  produce  sufficient  redness  in 
the  exploder  wires  to  make  the  blast,  and  as  one  exploder  may  differ 
in  its  resistance  from  another,  a  weak  ciirrent  sometimes  discharges 
one  or  two  holes,  while  the  others  do  not  go  off,  not  because  of  any 
break  in  the  connections,  but  simply  from  the  fact  that  the  little 
platinum  bridge  imbedded  in  the  fulminate  of  mercury  did  not  get  hot 
enough.  It  is  a  curious  fact  that  with  several  exploders  connected  in 
series  a  weak  discharge  will  usually  set  off  those  nearest  the  poles  of 
the  battery.  In  other  words,  there  are,  say,  ten  exploders,  all  con- 
nected together,  and  through  leading  wires  connected  with  a  battery 
which  is  not  strong  enough  to  discharge  them  all,  those  which  go 
oft"  •noil  be  those  nearest  the  leading  wires,  while  those  in  the  middle, 
or  at  the  loop,  can  be  discharged  afterwards  by  changing  the 
connections.  If  any  one  of  them  is  discharged,  it  proves  that  the  con- 
nections are  all  right,  and  that  there  is  no  exploder  in  the  line  that  can 
be  called  defective.  The  fact  that  those  which  did  not  go  off  in  the 
first  operation  may  be  set  off  when  tried  with  a  less  number  in  the 
circuit  is  an  evidence  of  the  weakness  of  the  battery,  and  it  is  need- 
less to  point  out  the  danger  and  expense  which  might  arise  from  such 
a  state  of  things.  The  writer  has  experienced  it  frequently  when 
attempting  to  blast  a  large  number  of  holes. 
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Fig.  12  illustrates  the  whole  operation  of  electric  blasting,  showing 
four  holes  connected  in  series,  with  the  battery  in  the  distance. 

In  blasting  operations  the  importance  of  tamping  should  not  be 
overlooked,  and  for  this  purpose  tamping  bags,  made  of  pajjer,  are  very- 
useful.  They  are  furnished  of  varying  sizes,  corresponding  with  the 
diameters  of  the  holes  used,  are  from  12  to  30  ins.  in  length,  and  cost 
about  $5  per  thousand.  It  is  much  too  common  a  thing  for  a  foreman  to 
use  the  handiest  soil  he  finds  for  tamjjing  holes,  while  much  might  be 
gained  by  the  use  of  tamping  bags  filled  at  the  proper  time  with  the 
best  tamping  material.     Dry  sand  is  as  good  as  anything,  except  per- 
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haj^s  pebbles,  and  the  worst  thing  of  all  is  wet  clay  ;  though  how 
common  it  is  for  wet  clay  or  loam  to  be  simply  jammed  into  the  hole 
with  a  stick  ! 

The  best  tamping  for  a  drill  hole  is  that  which  is  not  like  a  cork — 
something  to  be  blown  out  with  a  "pop";  on  the  contrary,  it  must 
be  of  strong,  resisting  character,  something  which  changes  form 
when  disturbed,  and  which  will  tend  to  wedge.  There  are  a  great 
many  patented  plugs  for  tamping  holes,  but  in  no  case  can  a  plug, 
even  with  a  wedging  tendency,  be  strong  enough  to  resist  the  force  of 
the  explosion.  A  wedging  plug,  such  as  inverted  plugs  and  feathers 
in  the  mouth  of  a  hole,  is  too  ex^Densive  and  involves  too  much  delay 
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in  its  application;  besides,  there  can  scarcely  be  as  much  resistance 
offered  by  a  solid  lalug  of  any  kind  as  there  is  in  a  large  quantity  of 
small,  disintegrated  particles,  "which  not  only  tend  to  wedge  among 
themselves,  but  the  disturbance  of  which  creates  friction  through  the 
mass. 

In  Europe  dry  clay  is  used  with  success,  while  in  coal  mines  soft 
shale  is  used  because  of  its  accessibility.  Broken  brick  moistened 
and  the  dust  from  the  drill  hole  are  frequently  employed,  and  it  is 
well  to  bear  in  mind  that  if  things  which  are  near  at  hand  will  serve 
the  purpose  they  had  better  be  used.  This  point  can  be  determined 
by  the  quarry  foreman,  who  should  be  sufficiently  interested  in  the 
economy  of  the  work  to  see  that  holes  when  blasted  do  not  throw  a 
large  j^art  of  their  force  into  the  aii-.  The  writer  has  stood  within  500  ft. 
of  a  blast,  and  has  had  broken  pieces  of  stone  almost  as  big  as 
his  head  throwTi  around  him,  some  of  them  having  been  sent  up 
into  the  air  1  000  ft.  Such  reckless  work  is  criminal,  besides  being 
expensive.  The  force  generated  by  a  blast  should  be  confined  within 
the  hole,  and  there  is  no  better  evidence  of  the  fact  that  it  can  be  so 
confined  than  the  work  done  in  the  upper  part  of  New  York  City, 
where  large  blasts  are  made,  directly  in  contact  with  the  walls  and 
foundations  of  buildings,  without  damage  beyond  an  occasional  tumble 
of  j)laster  caused  by  the  jar.  The  law  has  here  taken  the  contractor  in 
hand  to  such  an  extent  that  he  has  been  compelled  to  tamp  his  holes 
carefully,  and  the  result  is  that  almost  a  perfect  system  of  blasting  is 
now  in  force  among  the  better  contractors,  and  not  a  single  piece  of 
rock  is  thrown  during  a  blast. 

Quarrymen  will  do  well  to  look  carefully  to  this  question  of  tamping, 
as  good  tamping  saves  powder,  is  a  means  of  safety  and  prevents 
destruction  and  waste  of  stone.  When  the  writer  began  to  blast  rock 
under  water  he  was  told  that  water  was  a  good  tamping,  and  every 
blast  should  be  made  at  high  tide.  He  has  learned  by  exiaerience  that 
the  reverse  is  the  truth.  Water  is  the  worst  kind  of  tamping,  except 
in  sui'face  blasting,  where  it  is  dii'ectly  over  the  charge,  or  in  drill 
holes,  where  the  rock  is  perfectly  sound  and  free  from  fissures,  so  that 
the  water  pressure  is  only  on  top  of  the  cartridge  and  not  around  it. 

It  is  obvious  that  a  cartridge  in  a  drill  hole  under  water,  unless  it  is 
plastic  and  fills  the  hole  completely,  is  acted  upon  by  the  water  press- 
ure on  all  sides;  hence  the  first  thing  which  the  force  of  explosion 
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lias  to  do,  is  to  overcome  the  hydrostatic  pressure,  and  in  doing  this  it 
loses  a  large  amount  of  power  before  it  strikes  the  walls  of  the  hole. 
One-cxuarter  of  a  i^ound  of  dynamite  will  do  as  much  execution  in  dry 
blasting  as  one  pound  in  submarine  work. 

When  a  drill  hole  is  ready  for  tamping,  it  is  best  to  use  gi-ass  or  a 
handful  of  rubbish  of  some  kind  first,  so  as  to  form  something  of  a 
cushion  at  the  top  of  the  cartridge.  This  wad  shovild  be  pressed  directly 
on  the  cartridge,  and  no  air  space  should  be  left,  except  in  dimen- 
sion stone  blasting,  where  the  Knox  or  other  j)rocess  is  used.  The 
harder  the  rock  and  the  more  thoroughly  it  is  desired  to  shatter  it, 
the  tighter  should  be  the  tamping  and  the  more  closely  should  it 
press  upon  the  cartridge.  A  rod  of  wood  is  best  and  safest  for  driving 
the  tamping.  At  first  the  rod  should  be  simply  pressed  tightly  in  the 
hole,  but  near  the  end  it  may  be  used  with  a  hammer  movement.  In  all 
cases  be  careful  not  to  rupture  the  wires  which  lead  from  the  hole. 
These  wires  should  be  held  taut  in  one  hand  while  tamping,  so  that 
there  may  be  no  tendency  to  kink.  A  projecting  piece  of  broken  rock 
in  tamjjing  is  likely  to  cut  the  wires,  though  a  careful  operator  may 
mix  broken  stone  with  sand  and  other  material  and  make  an  excellent 
tamping  without  such  cutting. 

In  some  instances  it  is  found  desirable  to  discharge  several  hundred 
or  even  several  thousand  holes  simultaneously.  These  cases  are  rare, 
and  heretofore  involved  the  construction  of  special  batteries.  Since 
the  introduction  of  the  electric  light  in  mining  oj)erations,  it  has 
freqiiently  been  suggested  that  the  light  wires  be  used  for  blasting. 
In  the  case  of  a  large  blast  there  is  nothing  better  for  the  purpose, 
and  there  is  no  doubt  that  another  Hell  Gate  blast  might  be  made 
with  better  success  and  at  less  expense  by  simply  using  the  current 
from  a  dynamo. 

In  ordinary  blasting  operations  it  is  not  advisable  to  use  the  electric 
light  current  for  blasting.  There  must  be  more  or  less  danger  con- 
nected with  its  use,  and  it  is  well  to  eliminate  absolutely  the  blasting 
of  rock  from  any  such  connection  or  association.  A  case  has, 
liowever,  come  under  the  writer's  notice,  where  the  electric  light 
wires  are  used  with  safety  and  success.  This  he  can  only  attribute 
to  the  skill  and  care  of  the  superintendent  of  the  mine,  Mr.  J.  A.  Van 
Mater. 

The  mine  referred  to   is  that  of  the  Sterling  Iron  anel  Zinc  Co. , 
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Franklin  Furnace,  N.  J.  A  sketch  is  appended  (Fig.  13),  showing 
Mr.  Van  Mater's  arrangement,  and  it  at  once  appears  extremely  simple. 
A  switch  circuit  is  taken  from  the  main  line,  and  five  16-caudle  power 
incandescent  lamps  of  109  volts  each  are  cut  in  for  the  purpose  of 
reducing  the  strength  of  the  current  to  'avoid  fusing  the  connecting 
wires.  At  first  only  four  lamps  were  put  in  the  circuit  to  reduce 
the  current,  but  it  was  found  that  the  latter  was  still  strong  enough 
to  fuse  the  connecting  wire  in  the  mine.  This  was  because  the  con- 
necting wire  commonly  furnished  with  exploders  is  small  in  diameter, 
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Fig.  13. 

and  offers  so  much  resistance  in  the  passage  of  a  current.  An  addi- 
tional lamp  was  cut  in,  and  no  fiirther  trouble  was  experienced.  The 
wires  are  carried  down  the  shaft,  where  they  are  connected  to  those  of 
the  exploders  in  the  same  manner  as  though  connected  to  a  blasting 
battery. 

This  plant  consists  of  an  Edison  dynamo  of  125  volts,  5  kilowatts, 
i.e.,  ninety  lamps  of  16-candle  power.  Two  arc  lamps  of  1  200-candle 
power  each  are  used,  equal  to  about  thirty  16-candle  power  incandes- 
cent. Altogether  fifty-four  lt)-caudle  power  lamj^s  are  used  out  of 
an  available  90-candle  power,  so  that  there  is  a  large  reserve  capacity. 
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The  switch  shown  in  the  sketch  is  always  left  open;  but,  in  order 
to  insure  perfect  safety,  the  plug  marked  "  Safety  Plug  "  on  the  sketch 
is  always  taken  out  and  put  away  in  a  little  drawer  in  Mr.  Van  Mater's 
office.  If  any  one  should  go  into  the  engine-house  and  turn  the  switch 
while  the  blast  is  being  connected  in  the  mine,  it  would  not  be  possi- 
ble to  explode  the  charge.  When  ready  for  blasting,  which,  in  this 
case,  is  determined  by  a  count  regularly  made  by  the  shift  boss  of  all 
of  his  men,  the  engineer  puts  in  the  safety  plug,  turns  the  switch  one- 
quarter  turn,  and  the  blast  is  made. 

Though  the  greatest  number  of  holes  fired  in  the  shaft  by  this 
plant  is  twelve,  yet  it  is  evident  that  there  is  current  enough  in  the 
line  to  fire  several  hundred.  A  test  was  made  with  40  caps,  and  all 
went  off  simultaneously.  This  blasting  arrangement  has  been  in  use 
several  mouths,  and  no  misfires  have  occurred.  Double  strength, 
double  insulated  exploders  are  used.  Before  this  plan  was  adopted  a 
good  deal  of  trouble  was  experienced,  owing  largely  to  the  fact  that 
the  shaft  is  very  wet.  Mr.  Van  Mater  suggests  a  separate  circuit  from 
the  dynamo,  that  is,  not  the  same  circuit  that  lights  up  the  mine. 
But  this  is  very  easily  accomplished  and  is  quite  inexpensive. 

Another  point  of  interest  about  Mr.  Van  Mater's  work  at  this  shaft 
is  that,  notwithstanding  many  difficulties,  they  are  sinking  a  shaft  10 
ft.  wide  and  20  ft.  long,  taking  out  8-ft.  cuts,  or  132  cu.  ft.  of  solid 
rock  with  129  lbs.  of  60?o  forcite  jDOwder,  or  a  little  less  than  1  lb.  of 
poAvder  to  1  cu.  ft.  of  rock  broken.  This,  of  course,  is  very  much 
higher  than  the  record  made  in  tunneling  and  open  cut  work,  but  it 
is  well  known  among  experienced  persons  that  shaft  sinking  is  not 
only  the  most  difficult,  but  the  most  expensive,  kind  of  rock  excava- 
tion, submarine  work  only  being  excepted,  and  that  in  rare  instances. 

Rock  excavation  is  by  no  means  so  costly  as  it  was  a  few  years 
since.  Imjirovements  have  been  made  in  the  machinery  for  drilling,  in 
the  methods  of  blasting,  in  explosives,  and  in  transportation  machinery. 
Ojaen  cut  work  in  limestone  rock  is,  perhaps,  the  cheajaest.  Even 
in  open  ciit  work  in  New  York  rock,  contracts  are  now  let  for  less  than 
$1  per  cubic  yard.  A  recent  letting  of  more  than  100  000  yds.  of 
New  York  rock  was  made  to  resjjonsible  contractors  at  seventy-five 
cents  per  cubic  yard.  This  work  is  in  high  bluffs,  and  it  is  likely  that 
the  contractor  expects  a  profit  from  the  disposal  of  the  material. 

The  largest  piece  of  rock  excavation  which  has  ever  been  let  in  this 
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country  is  tte  Chicago  Drainage  Canal.  This,  as  let,  is  a  thorough  cut 
about  14  miles  long  and  160  ft.  wide,  and  averaging  30  ft.  in  depth.  Con- 
tracts have  ah-eady  been  let  for  the  removal  of  about  11  000  000  cu.  yds.  of 
rock,  and  the  average  i^rice  for  rock  excavation,  delivered  on  the 
dump,  is  79  cents  per  cubic  yard.  This  figure  is  conspicuously  low, 
because  of  the  fact  that  the  excavation  of  the  canal  involves  the  cut- 
ting of  two  channels  the  full  depth  of  the  canal,  forming  the  banks.  In 
other  words,  channeling  machines  must  be  used  to  make  ojDen  cuts  160 
ft.  apart  and  for  the  entire  length  of  the  excavation.  The  interven- 
ing rock  is  broken  by  blasting,  but  the  price,  79  cents  per  cubic 
yard,  is  for  the  whole  work,  and  includes  channeling.  The  con- 
tractors, in  making  out  their  bids  for  this  work,  paid  little  or  no  atten- 
tion to  the  channeling  clause  in  the  specification,  rating  the  cost  of 
channeling  at  only  from  two  to  five  cents  jtev  cubic  yard  of  rock  to  be 
excavated.  It  is  not  likely  that  the  contractor  can  make  anything  out 
of  the  disposal  of  the  material  excavated,  as  it  is  nothing  but  cheap, 
limestone  rock,  and  there  is  plenty  of  it.  The  figures  may,  therefore, 
be  taken  as  indicating  the  cost  of  open  cut  lime  rock  excavation  in 
large  quantities  and  under  favorable  conditions. 

The  writer  has  recently  procured  reliable  figures  based  on  ore 
bank  blasting  at  the  Croton  Magnetic  Iron  Mines,  Brewster,  N.  Y. 
Mr.  Charles  Vivian,  who  did  the  work  by  contract,  is  known  to  be 
competent  and  reliable. 

QUAJNTITT  AND   CoST   OF   MtNTNG   AT   THE   CbOTON   MAGNETIC   IeON   jNIiNES 

FEOM  JtJiiT  13th,  1891,  TO  Januaey  5th,  1892. 
Total  number  of  cubic  yards  of  ore  and  rock  mined,  9  295. 


Drilling. 

Total  number  of  holes  drilled 238 

"   feet  drilled 2  988 

Average  number  of  feet  per  hole...  12  J 
"             "              "      per      cubic 

yard xo% 

Explosives. 

Total  number  of  pounds  dynamite 
used i  083 

Percentage  of  nitro-glycerine  in 
dynamite .52 

Average  number  of  pounds  used  per 
cubic  yard  rock  removed ^ 


Expense. 

Total  cost  of  labor $5  696  00 

Total  cost  of  steam  for  drilling 212  13 

Total  cost  explosives 755  35 

Total  cost  repairs  and  supplies 139  00 


$6  802  48 


Cost  per  Cubic  Yard. 

Labor  Gl  ^y\,  cents 

Steam  for  drilling 2y^s     " 

Explosives S^Vg     " 

Repairs  and  supplies ]  ^Vo     " 

73  18        •• 
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This  ore  was  mined  and  broken  to  7-in.  cubes  and  the  waste  rock 
to  about  10-in.  cubes.  It  is  certainly  an  evidence  of  advance  in  rock 
excavating  appliances  that  we  may  show  a  reliable  case  where  ore  was 
mined  and  broken  into  small  pieces  at  a  cost  of  TSriAr  cents  per  cubic 
yard;  this  price  including  all  expenses  connected  with  the  work,  such 
as  drilling,  powder,  block-holing,  sledging,  blacksmithing,  repairs  and 
supplies,  and  loading  in  cars.  Most  of  this  ore  was  broken  when 
thrown  from  place,  but  a  small  block-holing  drill  was  used  for  breaking 
up  the  large  pieces. 

In  the  Government  work  on  the  Harlem  Biver  the  contractors  are 
I>aid  93  cents  per  cubic  yard  for  rock  above  the  water  line,  and  one  of 
the  contractors  informed  the  writer  that  it  has  cost  them  40  cents  to 
diill,  blast  and  throw  it. 

In  a  general  way  it  may  be  said  that  open  cut  rock  work  costs  from 
3  to  10  cents  per  cubic  yard  for  drilling,  and  from  15  to  30  cents  per 
cubic  yard  for  labor  of  blasting  and  explosives.  These  figures  are 
based  on  drilling  and  blasting  only  and  under  fair  conditions.  The 
rock  is  simply  thrown  at  the  foot  of  the  bluff. 

It  sometimes  costs  more  to  waste  the  rock,  that  is,  to  get  rid  of  it, 
than  it  does  to  dislodge  it.  The  location  of  the  dump  has  a  great  deal 
to  do  with  the  cost  of  moving  the  rock.  A  dump  close  at  hand  and  at 
a  down-grade,  is,  of  course,  the  most  favorable. 

Where  the  conditions  will  admit,  a  steam  shovel  is  an  economical 
device  for  removing  rock.  In  order  to  use  it  the  rock  must  be 
of  such  a  nature  that  it  will  break  readily  and  in  small  pieces,  and 
the  work  must  be  uniform  and  continuous,  like  that  of  a  railway  or 
canal  excavation.  The  delay  caused  by  moving  a  steam  shovel,  to  get 
it  out  of  the  way  of  a  blast,  is  a  serious  obstacle  to  its  use.  In  work 
where  the  bluff  is  steep  and  the  drilling  extensive,  it  is  seldom  neces- 
sary to  blast  more  than  once  a  day;  large  masses  of  broken  stone  are 
thi'own  a  considerable  distance  in  front  of  the  bluff,  and  the  steam 
shovel  will  work  to  advantage,  as  it  may  have  a  whole  day's  work 
ahead,  without  moving  backward.  The  use  of  the  steam  shovel,  of 
course,  involves  the  use  of  cars,  and  it  can  only  be  used  where  there  is 
I)lenty  of  track  room. 

For  extensive  open-cut  work  where  a  steam  shovel  cannot  be  used, 
the  most  economical  device  for  handling  the  stone  is  the  cable  hoist. 
This   hoist   is  of  so  much  value  and  has  recently  been  a  subject  of 
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SO  many  improvements  tliat  it  deserves  more  than  a  jjassing  notice. 
Fig.  14  is  an  illustration  of  an  imi^roved  form  of  horizontal  cable- 
■way.  It  will  be  observed  that  the  two  A  frames  or  towers  are  located 
on  the  banks  of  the  mine  or  pit.  These  towers  are  usually  about  500  ft. 
apart  and  serve  to  support  a  main  cable  whose  ends  are  securely 
anchored  to  the  ground.  The  cable  is  a  trackway  for  supporting  a 
traveling  carriage  from  which  is  suspended  the  hoisting  rope.  Two 
moving  ropes  are  employed,  one  known  as  the  hoisting  rope  and  the 
other,  used  for  the  jjurpose  of  giving  the  horizontal  movement  to  the 
carriage,  known  as  the  endless  rope. 

Fig.  15  is  known  as  the  inclined  cable-way,  and  has  been  extensively 
used  in  slate  quarries  and  in  open-cut  mining.  It  will  be  observed  that 
the  incline  cable-way  has  only  one  tower,  the  other  end  of  the  cable 
being  fixed  in  the  bank.  The  incline  cable  is,  of  course,  cheaper  than 
the  other,  and  it  serves  the  purpose  very  well  where  the  work  will  admit. 
It  is  not  universal  in  its  application  and  is  not  so  thoroughly  under  the 
control  of  the  engineer  as  the  other  form.  Stops  are  placed  on  the  cable 
at  certain  points  where  it  is  desired  to  have  the  carriage  stopped  in 
order  to  take  a  load. 

Many  improvements  have  been  made  in  the  details  of  the  cable  hoist, 
princiijally  in  the  traveler  and  hoisting  appliances.  Good  engineering 
is  required  in  its  construction.  The  largest  span  which  has  been  used 
is  that  built  for  the  Austin  Dam,  at  Austin,  Texas.  This  span  is  1  350 
ft.,  and  the  carrying  capacity  6^  tons  per  trip.  Another  long  sjjan, 
1  200  ft.,  is  in  use  at  the  Edison  Concentrating  "Works,  at  Ogden,  X.  J, 
The  most  important  and  largest  application  of  the  inclined  cable-way 
is  at  the  Tilly  Foster  Iron  Mines  in  New  York,  where  600  000  tons  of 
ore  have  been  handled  with  these  cables. 

The  follo-sving  is  the  daily  cost  of  transporting  material  on  the  cable 
hoist  at  the  Beaver  Asbestos  Mines,  Thetford,  P.  Q.  : 

Xo.  of  trijis 150  in  lOj  hours. 

Load  averaging  1^  tons,  or  total  of  about  225  tons. 

Laboe  Force: 

1  Engine  man 81  50 

2  Truckmen,  §1  each 2  00 

1  Tag  rope  boy 50 

7  Muckers,  $1. 05  each 7  35 

811  35 
Fuel  a>'d  Supplies: 

One-half  cord  wood 75 

Oil,  waste,  etc 25 

812  35 
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This  makes  a  cost  of  5i  cents  jDer  ton,  which  includes  raising  and 
delivering  at  end  of  dump,  300  ft.  from  foot  of  derrick.  The  skips  are 
mostly  filled  bv  hand,  though  some  shovel  work  is  done.  Incline  of 
cable,  30-;  length,  225  ft.;  pit,  50  ft.  deep. 

At  the  Tilly  Foster  Mines  a  comparison  has  been  made  between  the 
cost  of  handling  stone  with  a  derrick  and  with  a  cable.  The  derrick 
was  of  the  most  improved  i:)attern,  and  was  swung  by  steam.  The  re- 
sult of  this  experiment  showed  that  the  cable  handled  about  10^ 
more  material  per  day,  besides  extending  across  a  pit  over  400  ft. 
wide,  while  the  derrick  could  only  reach  about  60  ft. 

It  is  astonishing  how  general  the  belief  is  that  dynamite  acts  down- 
ward. I  have  heard  men  who  have  been  nearly  all  their  lives  in  the 
powder  business  make  the  statement  with  all  sincerity  and  belief  that 
the  dii'ection  of  impact  of  a  dynamite  exj^losion  is  downward,  and 
that  in  this  respect  dynamite  differs  from  gunpowder  or  other  ex- 
plosives. 

An  agitation  of  this  question  was  recently  brought  about  by  the 
Norcross  bomb-throwing  in  Mr.  Kussell  Sage's  office  in  New  York. 
The  exact  nature  of  the  explosive  which  Norcross  used  is  a  mysterv. 
It  is  certain  that,  although  the  explosive  was  of  sufficient  force  to  kill 
two  men,  blowing  one  of  them  out  of  the  window,  and  to  annihilate  the 
interior  of  the  office,  yet  no  hole  was  made  in  the  floor.  The  following 
are  some  of  the  expert  opinions  in  this  case. 

Mr.  George  H.  Benjamin  is  reported  in  the  World  as  saying  : 

"  It  was  not  giant  powder,  nor  black  powder,  nor  gun  cotton,  nor 
nitro-glyceiine.  Each  one  of  these  exjalosives  v%ould  have  acted  down- 
ward instead  of  upward  and  sideways.  Had  it  been  dynamite,  a  great 
hole  would  have  been  blown  in  the  floor  and  poor  young  Norton  would 
not  have  been  blo'wn  out  of  the  window. 

"  This  man,  jDrobably,  had  a  small  tin  or  brass  cylinder,  or  per- 
haps it  was  of  glass,  filled  with  fulminate  of  mercury.  This  is  the 
material  used  in  firing  blasts,  and  is  the  base  of  all  caps  and  car- 
tridges." 

A  correspondent  in  the  Engineering  Heirs,  referring  to  Mr.  Benja- 
min's explanation,  argues  as  follows: 

"  There  seems  to  be  a  general  belief  that  the  explosive  force  of 
nitro-glycerine  or  dynamite  is  always  downward.  My  exjjerience  has 
been  that  it  is  exerted  in  exactly  the  opposite  direction  from  that  in 
which  the  jarimal  force  is  apijlied;  for  instance,  a  cartridge  charged 
with  caiD  on  top  of  explosive  and  with  fuse  pointing  north,  the  greatest 
force  of  explosion  will  be  in  a  direct  line  south.  I  believe  that  while 
the  tendency  of  all  glycerine  explosions,  in  the  immediate  vicinity  of 
the  explosive,  is  to  rend,  tear,  or,  in  other  words,  totally  annihilate  any 


562  SAUNDERS    ON   ELECTRIC    ROCK    BLASTING. 

and  all  substances,  yet  the  true  explosive  force  which  we  wish  to  con- 
fine, direct  or  use  will  be  found  to  follow  a  straight  course,  almost  as  if 
the  same  were  confined  within  the  diameter  of  a  large  tube,  until  its 
force  is  expended." 

The  Engineermg  News  says  editorially: 

"  We  do  not  agree  either  with  the  theory  advanced  by  our  cor- 
respondent, or  with  that  credited  to  Mr.  Benjamin  by  the  World.  The 
ordinary  law  of  the  exi^ansion  of  gases  applies  to  all  explosion,  and  the 
difi'erence  in  effect  between  the  combustion  of  black  i^owder  and  the 
so-called  high  explosives,  is  due  to  the  element  of  time  in  expansion 
rather  than  to  differing  comiDonents.  "When  gas  is  generated  it  expands 
equally  in  all  directions,  and  acts  with  equal  force  uijon  all  surround- 
ing objects.  In  reference  to  the  "  downward  blow  "  exerted  by  high 
explosives,  we  may  use  the  familiar  illustration  of  "  water  tamping" 
in  a  rock  blast.  With  black  powder  the  generation  of  the  gas  is  rela- 
tively slow  enough  to  allow  it  to  impart  motion  to  the  water,  as  resist- 
ing less  than  the  rock,  and  the  water  is  blown  out.  With  the  high 
explosives  the  expansive  force  is  generated  so  rapidly  that  there  is  no 
time  to  move  the  water,  before  the  power  developed  and  confined  by  the 
water  is  sufficiently  great  to  rend  the  rock.  The  fact  that  a  hole  was 
not  blown  in  the  floor  of  Mr.  Sage's  ofiice  may  be  ascribed  to  a  cer- 
tain elasticity  in  the  floor,  causing  it  to  yield  slightly  under  the 
blow." 

The  following  view  of  the  subject  is  given  in  the  February  Number 
of  the  Engineering  Magazine: 

"  It  must  be  confessed  that,  under  the  assumption  that  all  the 
force  of  such  an  explosion  is  due  to  the  expansion  of  the  gas  suddenly 
generated  by  the  decomposition  of  the  explosive,  this  view  is  unassail- 
able. There  are,  however,  those  who,  like  the  writer  of  this  paragraph, 
deem  it,  at  least,  j^ossible  that  there  is  something  yet  to  be  learned 
about  tiie  force  generated  in  explosions  of  nitro-glycerine  and  dyna- 
mite, and  it  may  be  found  that  electricity  inlays  a  part  in  it.  Whether 
the  latter,  or  any  one  of  the  four  different  views  relative  to  this  ex- 
plosive action  be  correct,  their  simultaneous  existence  is  significant 
of  the  fact  that  its  exact  nature  may  be  further  and  profitably 
studied." 

Now,  the  fact  of  the  matter  is,  that  a  high  explosive  like  dynamite, 
if  discharged  from  a  balloon  (that  is,  in  a  place  where  the  resistance  is 
equal  all  around),  produces  an  effect  equal  in  all  dii-ections.  There 
is  a  proviso,  however,  which  must  not  be  lost  sight  of,  and  that 
is,  that  the  explosive  must  be  uniform,  not  part  wet  and  part  dry,  or 
part  one  kind  of  explosive  and  part  another,  but  absolutely  uniform 
throughout  its  mass.  It  must  also  be  exiDloded  by  a  cap  or  detonator 
that  is  sufficient  to  create  an  explosive  efiect  simultaneously  through- 
out the  mass.  Take  the  illustration  of  a  quantity  of  gas  mixed  with 
air  in  the  body  of  a  balloon,  and  if  it  is  exploded  it  will  discharge  a 
volume  of  gas  in  all  directions,  pushing  the  outside  air  out  of 
the  way;  or,  in  other   words,    tending  to   produce   a  vacuum  in  the 
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space  occupied  by  the  balloon.  The  diflference  between  a  gas  or 
powder  explosion  and  that  of  a  cartridge  of  dynamite  is  simply 
one  of  degree.  The  dynamite  is  more  quickly  converted  into  the 
gaseous  state,  hence  its  action  is  rapid.  Piit  a  cartridge  of  dynamite 
on  the  ground  and  explode  it,  and  a  hole  in  the  gi-ound  will  result. 
Black  powder  in  larger  quantity  and  with  more  explosive  force  will  go 
oflf  with  greater  shock,  jierhaps,  to  the  neighborhood,  yet  there  wOl  be 
no  disturbance  of  the  ground.  This  is  not  because  dynamite  breaks 
down  any  more  than  black  powder  does,  but  because  the  dynamite 
was  converted  into  a  gas  so  suddenly,  that  before  it  had  a  chance  to 
expend  its  force  in  the  air,  it  produced  an  effect  and  used  up  a  portion 
of  its  power  in  the  ground.  To  further  illustrate  this  point,  let  us 
imagine  a  mass  of  compressed  rubber  resting  on  the  ground;  let  this 
be  a  ball,  ar  d  let  us  assume  that  it  is  compressed  equally  in  all  dii-ec- 
tions.  If  the  string,  or  whatever  is  used  to  compress  it,  is  suddenly 
cut,  the  ball  will  expand  equally  in  all  directions;  but  where  it  touches 
the  gi-ound  it  will  meet  with  resistance  which  will  result  in  a 
slight  bounce,  but  it  is  not  likely  that  the  ground  will  be  disturbed. 
An  explosive  acts  in  the  same  way,  and  when  that  explosive  is  dyna- 
mite its  bouncing  tendency  is  so  great  that  it  acts  like  a  blow  from  a 
sledge,  and  a  hole  in  the  ground  is  the  result. 

One  of  the  mysteries  of  a  dynamite  or  powder  explosion  is  why  it 
sometimes  creates  such  distiirbance  and  destruction  in  one  direction  and 
not  in  another.  We  often  hear  of  windows  being  blown  out  and  build- 
ings destroyed  several  hundred  or  even  thousand  feet  from  the  point  of 
explosion,  while  at  some  j)oints  very  near  it  there  is  no  disturbance. 
The  writer  has  known  trees  to  be  blown  down  1  000  ft.  away  in 
one  direction,  while  50  ft.  away  in  the  other  the  long  grass  and  small 
bush  were  not  affected.  The  explanation  of  this  is  simple.  An  explo- 
sion is  a  force  which  is  governed  by  physical  laws,  and  which  may  be 
likened  to  the  laws  governing  the  movement  of  a  billiard  ball. 
We  know  that  when  a  billiard  ball  strikes  a  cushion  at  a  certain  angle 
it  will  leave  the  cushion  at  the  same  angle,  that  is,  the  angle  of  inci- 
dence is  equal  to  the  angle  of  reflection.  An  explosive  force  is  first 
deflected  by  the  ground,  or  whatever  it  may  stand  ujion.  This  pro- 
duces a  concentration  of  force  in  an  upward  direction.  In  other 
words,  the  force  which  originally  tends  to  act  in  all  directions  is  now 
suddenly  deflected.     This  gi'ound  may  be  soft  in  one  place  and  hard  in 
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another,  or  it  may  be  irregular  in  structure,  or  it  may  not  be  level. 
All  of  these  things  tend  to  deflect  the  force.  Then,  again,  the  condi- 
tion of  the  atmosphere  and  the  position  of  buildings,  trees,  etc.,  all 
tend  to  cause  the  force  "when  once  produced  to  bounce  as  it  were,  in 
its  tendency  to  expand  itself  fully  in  the  line  where  it  meets  least 
opposition.  The  blast  from  the  mouth  of  a  cannon  illustrates  this 
point.  The  powder,  being  confined,  meets  with  resistance  in  every 
direction  but  one,  and  the  result  is  a  concentration  of  force  in  the  direc- 
tion of  the  muzzle. 
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CONSTRUCTION  OF  A  CHEAP  DAM  ACROSS  THE 
ROANOKE  RIVER,  NEAR  SALEM,  VA.* 


By  OscAE  Saabte,  M.  Am.  Soc.  C.  E. 
Read  October  19th,  1892. 


The  Roanoke  is  not  a  very  large  river,  its  greatest  -nidtli  is  not  over 
150  ft. ;  but  it  is  a  mountain  stream,  fed  by  numerous  smaller  creeks 
and  brooks  coming  down  the  mountains,  and  (as  all  such  streams 
are)  is  very  treacherous  and  at  times  also  very  dangerous.  In  the 
spring  and  fall,  when  heavy  rains  occur,  the  Koanoke  River  often 
overflows  its  borders.  The  waters  rushing  down  from  the  mountains 
at  such  times,  with  a  heavy  fall  and  great  velocity,  carry  everything 
in  their  path  with  them,  and  do  great  damage  to  the  surrounding 
country. 

At  Salem,  Va.,  near  the  location  of  the  dam  described  in  this 
paper  (see  Fig.  1),  the  river  makes  a  big  bend,  the  water  coming 
around  with  a  very  swift  current.  The  fall  here  is  quite  heavy, 
at  some  places  over  1  in  100.     In  the  middle   of  the  river  in  this 

*  Written  discussions  received  before  January  15th,  1893,  will  be  published  in  a  subse- 
quent number. 
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bend  is  a  small  island  wliicli  splits  the  current  and  throws  the 
greater  part  of  it  toward  the  north  bank,  which  is  from  15  to  20  ft. 
higher  than  the  south  bank.  The  consequences  are  that  the  waters 
are  thrown  back  to  the  south  bank  with  great  force,  overflowing  the 
bank  and  the  country  adjacent.  The  mill,  as  located  on  the  plan,  has 
been  there  for  the  last  hundred  years.  There  has  also  been  a  dam 
across  the  river  for  the  same  length  of  time.  This  dam  has  been 
washed  away  several  times,  the  last  time  about  10  years  ago,  leaving 
the  part  AB  (Fig.  1),  standing  in  fairly  good  condition,  and  an 
opening  from  B  to  the  south  bank  of  the  river  about  65  ft.  wide. 

The  present  owner  of  the  mill  and  surrounding  land  decided  to 
rebuild  the  dam  and  repair  the  old  part,  so  as  to  utilize  the  great 
amount  of  water-power  the  river  affords  at  this  point.  The  height  of 
the  old  dam  was  about  5  ft.  over  the  average  water  level  of  the  river. 
By  rebuilding  the  dam  to  this  height  a  water-power  of  between  500 
to  600  H.  P.  could  be  realized,  a  natural  and  easily  obtained  motive 
power,  well  worth  putting  to  use. 

The  owner  came  to  the  writer  last  fall,  asking  him  if  ^3  500  would 
cover  the  repairs  to  the  mill  and  machinery,  the  old  dam  still  stand- 
ing, and  the  rebuilding  of  the  part  washed  away.  If  the  writer 
thought  it  could  be  done  for  this  sum  of  money,  he  would  be  author- 
ized to  make  j)lans  and  go  ahead  with  the  work.  Although  knowing 
the  location  and  the  Roanoke  River  well,  the  writer  replied  that 
he  could  not  say  anything  until  after  a  careful  examination  of  all  con- 
ditions. He  proceeded  to  make  such  an  examination,  and  reported 
that  he  thought  ^4  000  would  cover  all  expenses.  Upon  this  report  as 
a  basis  he  was  told  to  go  ahead,  but  under  no  circumstances  to  exceed 
this  sum,  of  which  about  .f 2  500  was  intended  for  the  construction  of 
the  new  dam. 

The  object  in  view  was,  then,  to  build  a  cheap  dam,  at  the  same  time 
one  strong  enough  to  withstand  the  force  of  the  waters. 

Two  thousand  five  hundred  dollars  was  not  a  very  large  sum  for  a 
dam  to  span  an  opening  of  65  to  70  ft.  wide  in  a  dangerous  and  treach- 
erous mountain  stream,  with  about  10  to  12  ft.  of  water  where  the  dam 
was  to  be  built. 

The  proverbial  "  Oldest  Citizens  "  of  the  place  furthermore  persisted 
in  stating  daily  that  no  dam  would  or  could  stay  there;  that  the  bot- 
tom was  rocky  and  very  uneven,  and  that  they  had  seen  many  dams 
washed  away. 
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Last  January  borings  and  soundings  of  the  river  bottom  were  made. 
The  appliances  used  for  this  purpose  could,  of  course,  not  be  very  ex- 
pensive. A  pointed  iron  rod,  driven  down  by  a  sledge  hammer,  was  all 
that  was  used.  The  greatest  depth  of  the  water  was  then  10.5  ft.  The 
bottom  appeared  to  consist  of  rock  with  an  overlaying  stratum  of 
river  gravel,  varying  from  6  ins.  to  2  ft.  6  ins.  in  thickness,  the  thick- 
est part  nearest  the  south  bank.  Although  the  soundings  were  taken 
close  together,  it  was  impossible  to  ascertain  to  a  certainty  whether 
the  rock  was  solid  or  comjjosed  of  big  river  boulders,  which,  to  a  great 
extent,  form  the  bottom  of  so  many  mountain  streams.  By  comparison 
with  the  river  bottom  about  100  ft.  below  the  location  of  the  proposed 
dam,  where  the  rock  was  perfectly  solid,  I  was  led  to  believe  the  same 
would  be  the  case  where  the  dam  was  to  be  built.  A  profile  of  the 
bottom  from  the  soundings  is  shown  in  Fig.  2,  page  571.  It  will  be 
seen  from  this  that  the  bottom  was  uneven,  -with  a  comparatively  deep 
hole  nearest  the  old  dam,  and  then  gradually  rising  toward  the  south 
bank. 

As  the  cost  of  the  dam  was  so  strictly  limited,  the  writer  decided 
upon  the  crib  form  as  the  cheapest,  and,  under  the  circumstances,  also 
the  strongest.  Details  of  the  construction,  as  the  dam  was  built  (with 
very  few  alterations),  are  shown  in  Figs.  2  to  7. 

On  account  of  the  formation  of  the  bottom  and  its  unevenness,  it 
was  out  of  the  question  to  frame  the  crib  on  land  and  then  sink  it.  The 
•dam  would  have  to  be  built  by  the  helj)  of  a  coffer-dam,  so  as  to  lay  the 
bottom  bare.  In  case  the  belief  that  it  was  solid  rock  was  correct,  this 
would  have  to  be  leveled  off,  and  iron  rods  inserted  running  through 
the  timbers  (Fig.  2).  If  the  rock  was  only  large  boulders,  they 
would  also  have  to  be  made  as  level  as  possible,  and  the  bottom 
timbers  placed  squarely  on  them.  In  both  cases  we  had  to  make  the 
river  bottom  dry  and  bare  before  beginning  construction,  and  the 
dam  must  be  built  gradually  from  the  bottom  upward.  At  B,  Fig.  1, 
where  the  old  dam  ended,  was  a  piece  of  jjole  dam  about  35  ft. 
long  (Fig.  2),  which,  if  good  and  solid,  was  to  be  used  in  con- 
necting the  new  and  old  dam.  This  connection  was  rather  the  weak 
point,  as  it  was  close  to  the  edge  of  the  10-ft.  deep  hole,  through  which 
the  water  now  swept  very  swiftly,  and,  after  the  dam  was  constructed, 
would  produce  the  greatest  pressure.  This  piece  of  jjole  dam  was  left 
Ijartly  submerged  from  the  time  the  other  part  of  the  dam  washed 
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away.  To  ascertain  the  soundness  and  solidity  of  tliese  poles  it  was 
also  necessary  to  have  the  water  around  them  pumped  out.  On  the 
south  bank  of  the  river,  about  25  to  30  ft.  from  the  water's  edge,  the 
ground  rises  up  to  the  proposed  height  of  the  dam,  and  the  writer 
decided  to  tie  the  dam  into  this  bank,  building  it  exactly  in  the  same 
manner  as  in  the  water,  filled  in  with  stones,  and  of  the  same  width  (16 
ft.  out  to  out),  and  going  down  in  the  ground  sufficiently  to  prevent 
the  water  from  undermining. 

To  prevent  the  water  from  washing  out  the  bank  into  which  the  dam 
was  tied,  and  from  washing  around  the  dam,  it  was  decided  to  build  a 
bulkhead  along  this  bank  for  about  50  to  60  ft.  to  the  same  height  as 
the  dam  (Fig.  1).  This  bulkhead  was  to  be  biiilt  of  round  or  sqiiare 
logs  forming  a  wall  toward  the  river  and  tied  into  the  bank  by  cross- 
pieces,  spaced  5  ft.  apart.  The  whole  was  then  filled  with  stones  for  a 
width  of  6  ft. ,  starting  at  the  same  depth  as  the  dam  on  land. 

As  will  be  seen  from  Figs.  2  to  7  the  dam  is  a  crib,  composed  of 
12  X  12-in.  white  oak  timbers,  tied  together  by  6  x  12-in.  white  oak 
cross-stringers,  placed  3  ft.  center  to  center,  of  which  the  two  bottom 
rows  protrude  4  ft.  outside  the  crib,  so  as  to  hold  the  upstream  rip- 
rap in  place  and  also  to  strengthen  the  dam.  The  crib  is  16ft.  wide 
out  to  out,  filled  in  with  good  heavy  stones,  placed  carefully  and  with 
as  small  openings  between  as  possible.  On  the  upstream  side  the  crib 
is  sheeted  outside  with  1-iu.  white  oak  planks  in  two  layers,  breaking 
joints,  from  top  to  bottom.  During  construction  the  plan  was  altered, 
the  piece  of  planking  marked  A  B  (Fig.  4)  on  the  downstream  face  of 
dam  being  done  away  with.  The  rip-rap  on  the  upstream  side  was 
started  with  a  15-ft.  base. 

In  case  we  struck  solid  rock  bottom,  there  were  provided  l|-in. 
wrought-iron  anchor  rods  let  into  the  rock  18  ins.,  placed  through 
the  12  X  12-in.  sticks  on  each  side  of  the  crib,  and  spaced  5  ft.  apart 
(Figs.  2  and  6).  Furthermore,  the  specifications  called  for  a  layer  of 
best  quick-setting  Portland  cement  in  the  bottom  4  to  6  ins.  thick. 

Some  legal  diflBculties  arising  from  fears  of  damage  to  the  property 
south  of  the  river  which  might  be  caiised  by  the  back  water  from  the 
dam,  delayed  the  beginning  of  construction  until  the  month  of  June, 
which  afterwards  proved  beneficial  to  the  work,  as  the  spring  was 
rainy  and  the  water  in  the  river  unusually  high. 

Actual  work  began  the  first  day  of  June  last,  by  starting  the  coifer- 
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dam.  After  the  upper  side  of  this  was  nearly  completed,  a  heavy 
rainstorm  with  high  water  occurred,  nearly  washing  away  all  the  work 
done  on  the  coflGer-dam  and  4  to  5  ft.  of  the  south  bank;  this  latter 
by  the  contractors'  fault,  in  not  running  the  coflfer-dam  far  enough  in 
on  land.  A  second  time  the  coflfer-dam  nearly  completed  was  washed 
away  within  the  next  eight  days.  Finally,  dry  weather  set  in  and  the 
coflfer-dam  was  finished  without  further  mishap.  It  was  built  the  last 
time  very  strong,  of  crib  work,  about  6  ft.  ^vide,  filled  in  with  stones 
and  puddled  outside.  It  proved  eflficient,  and  no  leakage  occurred 
during  the  construction  of  the  crib.  At  first,  a  steam  pump  with 
6-in.  suction  pipe  was  put  at  work  to  pump  out  the  water,  amounting 
to  about  1-48  000  galls.,  but  it  proved  inadequate  and  a  second  pump 
also  with  6-in.  suction  pipe  w  as  j)ut  on. 

After  the  bottom  nearest  the  south  bank  was  laid  liare,  it  was  found 
that  numerous  small  spiings  were  running  here,  and  it  was  necessary 
to  i)ut  up  a  small  dam  inside  and  across  the  coflfer-dam.  On  removing 
the  water  the  bottom  proved  to  be  composed  of  large  river  boulders, 
the  supposed  rock  the  sounding  rod  had  struck.  The  anchor  rods  had 
to  be  abandoned,  and  the  bottom  timbers  were  set  dowrn  upon  these 
boulders,  as  level  as  they  could  be  made.  The  cement  was  applied 
under  the  timbers  and  inside  the  crib  to  prevent  leakage.  The  6  x  12- 
in.  cross  jueces  were  run  alternately  instead  of  right  over  each  other. 

The  old  pole  dam  was  found  solid  and  strong,  and  good  connection 
with  it  was  made  on  toj:)  of  the  poles.  Good  hard  gravel  bottom  was 
found  on  land  on  the  south  side,  down  to  which  the  dam  and  bulk- 
head were  brought  to  a  solid  bearing,  and  the  whole  construction  was 
finished  in  about  twenty  working  days  from  the  completion  of  the 
coflfer-dam. 

The  contract  price  and  actual  cost  of  the  whole  work  according  to 
plans  and  specification  was  82  400,  with  no  extra  allowances. 

The  author  would  say  that  he  does  not  consider  this  as  a  remarkable 
piece  of  Avork,  but  its  construction  as  described,  taking  into  considera- 
tion the  solidity  and  amount  of  work  done  for  the  smaU  sum  of  82  400, 
seems  to  him  so  very  cheap,  that  he  thought  an  account  of  it  might  not 
be  without  interest  to  members  of  the  Society. 
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DISCUSSION    ON    MOTIVE   POWER    FOR    STREET 
RAILWAYS.* 


By  E.  N.  Ktrk  TAiiCoxx,  H.  W.  Bbinckekhoff,  Egbert  L.  Hakris, 
Aethuk  p.  Dodge,  C.  E.  Emery,  W.  H.  Breithaupt,  E.  E.  R. 
Teatman  and  AiiTBED  F.  Seaks. 


E.  N.  KiKK  TATiCOTT,  M.  Am.  Soc.  C.  E. — In  the  paper  which  Major 
Sears  has  submitted  to  the  Society  he  undoubtedly  shows  a  vast 
amount  of  careful,  painstaking  research  upon  a  subject  which  is  of 
great  importance  in  every  city  of  the  United  States,  and  which  has 
never  yet  been  satisfactorily  settled,  and,  as  he  himself  says,  probably 
never  will  be.  The  best  that  can  be  done  under  such  circumstances 
is  to  get  all  the  light  possible  upon  the  subject,  and  even  then  each 
locality  must  choose  for  itself  the  system  best  adapted  to  its  particular 
surroundings. 

The  fact  that  each  prominent  city  in  the  country  is  continually 
changing  its  motive  power  for  street  railways  shows  of  itself  that  no 
motive  power  has  yet  been  found  which  is  satisfactory. 

*  See  Paper  No.  519,  Volume  XXVII,  page  313. 
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So  far  as  I  am  individually  concerned  I  am  free  to  say  that  my  o"svn 
prejudices  are  in  the  line  of  cable  roads.  This  undoubtedly  arises 
from  an  experience  of  several  years  with  the  South  Side  Street  Eail- 
way  of  Chicago,  where  the  service  was  excellent,  and  the  stock  could 
not  be  bought  except  at  large  advances  above  par.  But,  so  far  as  any 
professional  information  is  concerned,  either  as  to  cost  of  operation, 
or  amount  of  power  expended  to  produce  the  results,  I  must  confess 
almost  total  ignorance.  My  prejudices  are  based  entirely  upon  prac- 
tical results.  And  yet  they  are  quite  largely  supported  by  the  adop- 
tion of  this  method  of  locomotion  very  largely  in  New  York  City  on 
the  Broadway,  Third  Avenue  and  other  lines. 

There  is  no  question  in  my  own  mind  on  the  electric  motor  for 
street  railways.  So  far  as  I  have  been  able  to  observe  its  operation, 
and  I  have  studied  it  in  several  locations,  it  is  unsightly,  expensive, 
and  not  entirely  reliable.  The  amount  of  j)ower  wasted  in  any  electric 
system  which  I  have  ever  yet  seen  would,  of  itself,  condemn  it. 

I  think  that  Major  Sears  has  struck  the  keynote  in  the  whole 
problem  in  the  direct  application  of  steam  power  for  this  purpose. 
If  this  can  be  proven  to  be  practicable,  on  the  lines  which  he  indicates, 
I  have  no  doubt  that  it  will  be  the  coming  power,  and  I  can  now  see  no 
reason  why  it  should  not  be  a  success.  The  accompanying  paragraph,* 
cut  from  a  New  York  paper,  shows  that  Chicago,  the  most  progressive 
city  in  this  country,  is  already  experimenting  in  the  line  indicated  by 
Major  Sears.  If  the  direct  application  of  steam  can  be  made  a  prac- 
tical success,  there  is  no  doubt  in  my  mind  but  it  will  drive  out  all 
other  power  for  this  purpose. 

H.  W.  Bkenckeehoff,  M.  Am.  Soc.  C.  E. — As  this  jjaper  deals 
mainly  with  the  cost  of  various  methods  of  street  railway  traction, 
some  figures  compiled  from  the  report  of  the  Birmingham  Central 
Tramways  Company,  Limited,  of  Birmingham,  England,  for  the  year 
ending  June  30th,  1891  (see  page  576),  may  have  some  interest,  in  spite 
of  the  fact  that  I  am  unable  to  give  the  length  or  character  of  the 
routes  or  other  data  that  might  help  to  a  more  intelligent  understand- 
ing of  the  figures,  the  most  interesting  point  being  that  one  company 
operates  street  cars  in  one  city,  both  by  locomotives,  horses,  cables 
and  electricity,  the  latter,  as  I  understand,  being  used  in  the  form  of 

*  The  North- Side  Street-Car  System  of  Chicago  is  about  to  abandon  the  horse  as  a  motive 
power  and  adopt  a  steam  motor,  several  kinds  of  which  have  been  tried  lately. 
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storage  batteries.  It  should  also  be  remembered  in  comjaaring  these 
latter  figures  that  the  electric  dei^artment  had  only  just  been  started 
and  had  been  in  operation  but  eleven  months. 

The  figures,  both  as  to  cost  and  re\  eniie  per  mile  run,  it  shoiild  be 
noted,  are  very  favorable  to  the  cable  system,  and  their  chief  value 
lies  in  the  fact  that  these  various  lines  were  operated  in  the  same 
locality  and  under  the  same  management,  and  therefore  their  com- 
parison is  presumably  fairer  than  could  be  made  under  more  dissimilar 
conditions. 

It  should  also  be  noted,  in  regard  to  the  horse  department,  that  it 
includes  both  tramways  and  omnibusses,  the  proportion  of  the  former 
to  the  latter  being  in  miles  run  about  1  to  4,  and  in  passengers  about 
1  to  2J. 

The  rei^ort  says:  "Taken  as  a  whole,  however,  the  shareholders 
may  view  the  year's  working  with  satisfaction.  The  cable  lines  have 
more  than  maintained  their  earning  capacity,  and  the  electric  lines, 
which  in  the  first  half  of  the  year  were  sufiering  from  exceptional  difii- 
culties  of  construction  and  maintenance,  have  apparently  overcome 
these  diflSculties,  and  show  a  sixbstantial  profit,  which  i^  steadily  im- 
proving." 

Pkom  the  Annual  Report  of  the  Birmingham  (Eng.)  Centbal  Tbam- 
WATS  Company,  Limited,  foe  the  Year  Ending  June  30th,  1891. 
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Robert  L.  Habbis,  M.  Am.  Soc.  C.  E.— I  have  read  with  much  in- 
terest the  paper  by  Major  Sears,  and  am  pleased  that  this  subject  has 
been  prominently  brought  before  our  Society.  Its  importance  should 
induce  a  beneficial  discussion  by  members  now  engaged  in  city  transit. 
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Between  the  years  1862  and  1865  I  had  in  charge,  among  other 
enterprises,  the  construction,  etc.,  of  the  first  horse  railways  built  in 
San  Francisco,  Cal.  These  were  all  very  well  on  the  level  and  slightly 
undulating  sections  of  that  city,  but  when  it  came  to  traversing  hills 
(which  were  embraced  in  the  charters),  although  not  by  any  means  the 
steepest  in  the  city,  yet  with  grades  of  1  in  10,  it  seemed  cruelty  to 
-animals  to  ride  up  such  ascents,  even  with  doubled-up  teams,  while  the 
coming  down  was  at  first  perilous  to  both  animals  and  jjassengers. 
About  the  year  1868,  I  devised  plans  for  a  cable  railway,  indicated  a 
route  over  the  hills,  and  tried  to  induce  some  friendly  capitalists  to 
obtain  a  charter.  My  efforts  were  unavailing,  but  a  couple  of  vears 
thereafter  a  cable  road  was  built,  and  was  successfully  operated,  after 
"which  several  were  constructed,  and  have  proved  profitable  and  very 
convenient  for  that  city,  so  much  so,  that  the  example  set  by  the  citv 
a,t  the  Golden  Gate  was  rapidly  followed.  I  returned  a  few  years  ago 
from  a  visit  to  the  Pacific  coast,  with  the  opinion  that  for  cities  with 
steep  hills  this  was  the  best  method  yet  known.  The  results  of 
extended  personal  investigations  a  few  years  previous  to  the  visit 
named  showed  the  great  proportionate  loss  of  power  in  hauling  the 
cable  where  passenger  transportation  was  only  of  moderate  magnitude, 
and  satisfied  my  mind  that  for  such  traffic  in  cities  only  slightly  undu- 
lating it  was  not  the  best  nor  the  cheapest  mode  of  applying  jjower. 

For  a  dozen  years  before  electricity  was  successfully  applied  to 
street  motors  in  Europe,  my  belief  and  spoken  predictions  were,  that 
electricity  would  solve  the  problem  of  city  transit,  and  when  the  first 
road,  commercially  operated  in  this  country  by  this  instrumentality, 
began  to  be  run,  a  special  journey  of  a  few  hundred  miles  gave  me  the 
satisfaction  of  enjoying  its  novelty.  When  we  note  the  marvelous  in- 
crease in  this  country  of  electric  roads,  jumping  in  a  single  decade 
from  nothing  to  the  present  extensive  mileage,  and  think  of  the  im- 
mense capital,  and  the  numbers  of  people  employed,  and  of  the  many 
brains  devising  ingenious  imjirovements,  we  can  hope  for  great 
advances,  if  not  for  perfection,  by  this  method  of  transit  for  cities, 
whether  located  on  plains  or  hills.  Perfection  will  not  be  obtained, 
however,  by  overhead  trolleys. 

While  trials  were  being  made  with  an  electrical  motor  ui^on  the 
Ninth  Avenue  Elevated  Kailway,  an  objection  was  made  that  was  well 
taken,  viz.,  the  running  by  electricity  taken  from  a  conductor  pre- 
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vented  independent  action  of  the  motors  employed.  Let  the  power- 
house or  the  conductor  become  disabled,  and  all  the  motors  working 
from  that  conductor  would  be  useless.  A  similar  objection  applies  to 
cable  roads.  This  is  partly  offset  by  the  great  economy  in  developing 
power  from  one  set  of  boilers  instead  of  from  many. 

As  to  compressed  air,  we  know  of  its  advantages  in  underground 
works,  and  on  some  roads  so  located  it  may  prove  a  competitor  with 
electricity. 

In  regard  to  the  compressed  steam  motors  mentioned  by  Major 
Sears,  doubtless  such  will  find  their  places.  As  yet  we  know  little 
of  them  practically;  may  we  learn  more.  The  results  indicated 
are  interesting,  and  show  the  desirability  of  trials  in  the  presence  of 
expert  engineers. 

Arthtjb  p.  Dodge,  Esq. — I  did  not  come  here  to  make  an  address, 
but,  at  the  suggestion  of  Major  Sears  and  on  invitation,  I  am  very  glad 
of  this  opijortunity  to  explain,  as  well  as  I  am  able,  such  details  relat- 
ing to  the  Kinetic  Motive  Power  system  as  you  may  desire  to  enquire 
about. 

The  Kinetic  Motor  is  the  outcome  of  many  years  of  study  and  work. 
It  is  the  logical  evolution  and  development  of  the  more  or  less  crude  hot 
water  and  steam  storage  power  motors  in  use  or  on  trial  some  years  ago 
in  New  Orleans,  and  which  were  not  then  found  successful,  at  least  in 
a  commercial  sense.  Motors  having  a  similar  principle  of  power  have 
been,  and  now  are,  in  use  in  France  and  elsewhere.  They  are  generally 
of  the  type  known  as  the  Lamm-Franco  Tireless  Locomotive.  This 
system  was  first  introduced  by  Dr.  Lamm,  at  New  Orleans,  in  1872,  and 
the  first  engines  or  motors  on  this  principle  were  started  in  opera- 
tion in  1874.  Dr.  Lamm  died  soon  after.  In  1874^75,  M.  Lion 
Francq,  of  Paris,  built  a  motor  on  this  principle,  having  numerous  im- 
provements. It  was  soon  after  this  that  the  late  Eugene  H.  Angamar 
took  up  the  work,  and,  after  many  trials,  finally  succeeded,  in  1879,  in 
reaching  notable  success  with  the  motor  car  "Lillie,"  which  was,  as 
was  well  known  at  the  time,  successfully  exhibited  at  Washington,  D. 
C,  New  York,  Boston,  Chicago,  and  elsewhere  in  1879-80,  and  later. 
This  car  did  not  do  away  entirely  with  the  show  of  steam,  but  accord- 
ing to  all  accounts  was  smokeless,  noiseless,  etc.  Many  improvements 
have  since  been  made  and  patented,  which,  together  with  the  Angamar 
patents,  are  owned  by  the  Kinetic  Power  Company.     The  improvements 
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made  by  Mr.  Angamar  related  chiefly  to  the  unique  but  simple  con- 
struction of  the  storage  reservoir,  answering  to  the  boiler  in  the  ordin- 
ary locomotive,  and  to  the  small  but  eflfective  auxiliary  fire-box.  Thus 
he  was  able  to  see  success  where  had  been  former  failure.  As  Major 
Sears  says  in  reference  to  the  Angamar  motor  now  in  Chicago,  it  has 
been  run  heavily  loaded,  hauling  two  heavily  loaded  cars  and  making 
20  miles  with  but  one  charge  of  hot  water  and  steam.  On  a  par- 
ticular trip  I  have  in  mind  we  had  a  steam  pressure  at  the  start  of  165 
lbs.  and  at  the  end  of  the  trip  13.5  lbs.  of  steam  pressure.  This  was 
a  15-mile  trip.  At  this  trial  the  fuel  in  the  fire-box  was  37  lbs.  of  in- 
candescent anthracite  coal,  which  w^as  about  two-thirds  consumed  dur- 
ing the  trip.  This  fire  was  not  even  looked  at  during  the  entire  trip. 
A  condenser,  for  condensing  the  exhaust  steam  by  atmospheric  contact, 
has  been  since  added  to  this  motor  in  Chicago.  Our  first  care  was  to 
thoroughly  develop  and  prove  the  satisfactory  maintenance  of  adequate 
energy  from  the  direct  storage  process  to  give  sure  and  practical  re- 
sults, then  to  undertake  atmospheric  condensation.  The  latest  patents 
contemplate  numerous  improvements,  such  as  the  eccentric  pump  to 
force  the  condensed  steam  back  into  the  storage  reservoir,  etc.  The 
I.  H.  P.  of  this  particular  motor  as  operated  is  43.  It  weighs  about 
9  tons  loaded.  All  of  the  machinery  and  the  storage  reservoir  are 
located  beneath  the  car  floor.  The  wheel-base  is  6  ft. ,  a  little  too  long 
we  found  for  the  sharpest  curves,  still  the  motor  readily  made  all  the 
curves  and  switches  that  are  made  by  the  cable  and  horse  cars.  We 
ran  the  motor  with  a  trailer,  both  fully  loaded,  several  times  down 
through  the  Washington  Tunnel  under  the  Chicago  River,  having  an 
east  grade  of  about  9  °o  and  a  west  grade  of  about  7.  We  put  the  motor 
to  every  test  we  thought  of  and  that  the  railroad  management  sug- 
gested. We  are  now  arranging  to  begin  the  manufacture  of  the  motors 
in  several  difierent  forms. 

In  the  use  of  these  motors  there  is  no  perceptible  noise;  previous  to 
the  api^lication  of  the  condensers  there  was  a  muffled,  puffing  sound, 
though  in  no  sense  a  disagreeable  one;  noAv  there  is  no  noise  whatever 
from  the  exhaust. 

A  record  of  the  tests  made  in  Chicago  is  as  follows : 
1.  April  23d,  1892. — Ran  the  motor,  hauling  one  long  trailer,  iowr 
round  trips  on  West  Madison  Street  from  Western  Avenue  to  West 
40th  Street;  total  distance,  16  miles;  running  on  Western  Avenue  and 


580  DISCUSSION   ON"   MOTIVE    POWER. 

Lake  Street,  2  miles,  making  in  all  18  miles.  Length  of  time  running, 
including  stops,  three  hours;  coal  consumed,  100  lbs.;  water  eyapo- 
rated,  100  galls.;  passengers  carried,  84;  steam  pressure  at  start  varied 
from  130  to  145  lbs. ;  steam  pressure  at  finish,  100  lbs. 

2.  April  25th,  1892. — Kan  motor  with  one  similar  trailer  two  round 
trills  as  above,  making  8  miles,  and  running  on  Western  Avenue  and 
Lake  Street,  1  mile.  Total  run,  9  miles;  duration  of  run,  including 
stops,  three  hours;  coal  consumed,  100  lbs. ;  water  evaporated,  80  galls. ; 
steam  pressure  at  start,  155  to  130  lbs. ;  at  West  40th  Street  steam  blew 
off  at  the  safety  valve,  at  200  lbs.  pressure,  due  to  the  detention  of 
motor  without  work  (safety  or  pop  valve  has  since  been  set  at  170  lbs.); 
other  pressures  indicated  during  the  trip  165,  135,  175,  180,  175,  and  at 
end  of  trij),  180  lbs. ;  carried  60  passengers  on  motor  and  trailer. 

3.  May  2d,  1892. — Kan  motor,  hauling  one  trailer,  both  well  loaded 
with  passengers,  from  Western  Avenue,  on  West  Madison  Street,  to  West 
40th  Street ;  thence  to  State  Street  and  around  the  loop ;  thence  back 
to  West  40th  Street ;  thence  to  Western  Avenue  and  Lake  Street,  etc. , 
making  total  length  of  run  16  miles.  Started  at  11.30  a.m.,  ending  at 
2.30  P.M.  Duration  of  run,  three  hours;  made  Madison  Street  Bridge 
grade  "with  perfect  ease;  steam  pressure  at  start,  140  to  130  lbs. ;  arrived 
at  car  shop  at  end  of  trip  with  a  steam  pressure  of  155  lbs.  Kunning 
time  from  West  40th  Street  to  State  Street,  35  minutes;  and  from  State 
to  West  40th  Street,  including  stops  to  take  and  drop  passengers,  32 
minutes.  Conductors  took  up  fares  on  this  occasion,  and  nearly  every 
time  the  motor  was  run.  Total  fuel,  wholly  or  j)artly  consumed,  100 
lbs. ;  water  evaporated,  80  galls. 

4.  May  4th,  1892.— Left  Western  Avenue  at  12  midnight,  with  150 
lbs.  steam  pressure,  for  West  40th  Street,  where  we  took  one  long 
trailer,  and  left  at  12.30  a.m.  for  and  around  State  Street  loop, 
on  starting,  had  175  lbs.  steam  pressure,  and  at  State  Street  had 
155  lbs. ;  thence  to  Western  Avenue,  where  we  made  a  Y  on  very  poor 
switches  and  curves  ;  thence  made  two  more  round  trips  to  State 
Street  and  around  the  loop,  steam  pressure  varying  and  indicating  150, 
145,  155,  and  at  the  end  of  running,  105  lbs.  the  lowest  pressure  shown 
on  the  steam  gauge;  length  of  run,  23  miles;  duration,  including 
stops,  five  hours;  fuel  consumed,  128  lbs.;  water  evaporated,  130  galls. ; 
large  loads  of  passengers  carried;  conductors  took  fares  for  the  com- 
pany as  usual.     These  trij)s  occurred  in  the  midst  of  a  terrible  blizzard 
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of  wind  and  rain ;  the  -nest-side  tracks  were  mostly  flooded  with,  water, 
and  a  more  disagreeable  or  trying  night  is  rarely,  if  ever,  experienced. 
These  unfavorable  conditions  and  all  other  conditions  under  which 
the  motor  has  worked,  all  far  from  favorable,  have  shown  that  the 
motor  has  great  efficiency  and  endurance. 

5.  May  25th,  1892,  11.55  p.m. — Started  motor,  with  one  long  9-ft. 
wheel  base  trailer  from  Rockwell  Street  Cable  Power-House,  with  a 
steam  pressure  of  170  lbs.  "Proceeded  east  on  West  Madison  Street, 
through  the  Washington  Tunnel  under  the  Chicago  River,  and  around 
the  regular  La  Salle  Street  Cable  Loop,  returning  to  the  power-house 
at  12.55  A.M.,  having  then  a  steam  pressure  of  145  lbs.  Length  of  trip, 
7  miles.  Could  have  duplicated  this  trip  once  certainly,  and  probably 
twice  upon  the  one  charging.  Water  level  in  motor  reservoir  lowered 
by  evaporation,  If  ins.  Fuel  in  fire-box,  26  lbs.,  only  about  half  con- 
sumed. 

6.  May  26th,  1892,  8.40  p.m.— Started  fi-om  the  Rockwell  power- 
house, with  similar  trailer;  steam  pressure,  165  lbs.  Proceeded  east 
on  West  Madison  Street  to  and  through  said  tunnel  and  loop;  thence 
west  on  said  West  Madison  Street  to  West  40th  Street  and  through 
the  cable  loop  house;  thence  to  the  power-house,  where  the  trailer  was 
dropped;  thence  to  Western  Avenue  and  Van  Buren  Street;  thence 
north  on  Western  Avenue,  making  a  Y ;  thence  again  to  the  power- 
house, arriving  at  10.35  p.m.,  the  steam  gauge  showing  135  lbs. 
pressure.  Water  charge  lowered  in  the  motor  reservoir  by  evaporation 
of  steam  for  cylinders,  3  ins.  Fuel  consumed,  37  lbs.  Length  of  this 
trip,  15  miles  with  45  stops.  Carried  conductors  and  passengers  these 
last  two  trips;  both  cars  crowded. 

The  West  Chicago  Street  Railroad  Company  had  a  connection  made 
with  their  Rockwell  power-house  boilers  for  charging  the  motor. 
Said  connection  was  made  with  the  feed  pipe  at  the  extreme  bottom  of 
said  boilers,  which  gave  the  motor  the  sediment  and  dirt  from  the 
large  bank  of  boilers.  There  were  no  proper  means  of  preparing  the 
incandescent  anthracite  coal  for  motor  fire-box.  These,  with  other 
imi^erfections,  constituted  exceedingly  unfavorable  conditions,  not- 
withstanding which  the  motor  accomplished  the  foregoing  and  also 
many  other  equally  excellent  results  of  which  no  record  was  kept. 
At  times  we  ran  the  motor  every  day  for  a  week  or  more. 

CHABiiES  E.  Emeby,  M.  Am.  Soc.  C.  E. — I  am  a  steam  man  and  I  am 
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sure  I  like  anything  that  will  advance  the  steam  engine.  It  is  still 
practically  the  original  source  of  power  where  reliable  water-power  is 
not  available,  and  if  a  steam  locomotive  is  not  at  the  head  of  a  train  it 
will  generally  be  found  hauling  the  cable  or  developing  the  electric 
current  which  moves  the  trains.  The  use  of  modified  steam  locomotives 
for  propelling  street  cars  will  be  a  boon  if  it  can  be  accomplished.  If 
the  old  principle  of  storage  of  heat  in  hot  water  in  connection  with 
fire  can  be  made  of  greater  benefit  than  the  former  alone  we  should 
encourage  it.  Its  application  in  the  streets  of  Chicago,  having  only 
low  giades,  is  quite  a  different  matter  from  going  through  streets  like 
those  of  Baltimore  and  Brooklyn,  which  have  very  many  heavy  grades 
on  which  very  great  power  must  be  exerted.  For  such  roads  the  firing 
features  of  the  hot-water  locomotive  would  necessarily  be  very  promi- 
nent, and  in  the  end  we  would  have  the  steam  locomotive  improved 
only  by  the  condenser  to  reduce  the  noise,  but  still  a  steam  locomotive 
with  its  weight,  grease  and  some  noise  at  least;  but  if  the  people  will 
stand  it,  the  improvement  will  be  welcome. 

W.  H,  Breithaupt,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  toAvhat 
extent  the  gravity  traction  principle  is  now  used.  What  makes  me 
think  of  it,  I  listened  to  a  very  interesting  paper  about  three  years  ago, 
prepared  by  a  Kansas  City  cable  railway  man  ;  he  had  made  a  thorough 
examination  of  street  railroad  systems,  and  found  that  gravity  traction 
was  the  best  system  practicable  then  in  use  where  the  grade  was  not 
greater  than  10%  ;  above  that  gravity  traction  was  not  practicable. 
I  would  ask  what  improvement,  if  any,  has  been  made  in  that  resj)ect — 
whether  any  better  results  are  obtained  ? 

Mr.  Emery. — The  revival  of  electric  roads,  which  gave  us  the  pres- 
ent system,  was  made  in  Richmond  by  Colonel  Sprague.  He  had 
grades  varying  from  10  to  14%  to  overcome.  Originally  single  reduc- 
tion motors  were  tried,  but  they  were  changed  to  double  reduction, 
and  the  road  was  successfully  operated.  On  those  very  heavy  grades 
we  would,  as  engineers,  of  course  rather  go  to  the  cable,  as  the  grade 
can  then  be  almost  anything  we  like  ;  but  they  are  now  running  even 
single  reduction  motors  regularly  on  4%  grades. 

Mr.  Dodge. — What  is  the  weight  of  those  motors  making  the  high 
grades  ? 

Mr.  Emery. — The  motors  and  truck  weight  about  7  000  to  9  000  lbs., 
but  the  whole  weight  of  the  car  is  available  for  traction,  such  weight 
being  say  15  000  to  20  000  lbs. 
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Mr.  Dodge. — Some  locomotive  comiianies,  I  understand,  are  advo- 
cating increasing  the  weight  of  their  motor  cars  from  6  to  7  tons  or  less 
to  10  or  12  tons.  Kinetic  motors  can  be  constriicted  of  most  any  "weight 
from,  say,  5  to  15  tons  and  uj)wards  if  required,  according  to  power 
and  cajDacity  requirements.  Tractive  power  depends  largely  uj^on  the 
weight  adequate  for  the  load,  grade,  etc.,  in  any  particular  case. 

One  of  the  great  jDoints  of  this  system  of  the  storage  of  latent  steam 
is  in  the  fact  that  the  i^ower  is  generated  in  stationary  boilers,  where  the 
benefits  of  slow,  economic  combustion  are  realized;  another  jDoint  is  this, 
that  instead  of  carrying  crude  fuel  and  water  on  the  motor,  we  carry  the 
prejDared  jDroducts  of  those  jjower  elements  without  the  reconversion 
and  transmission  losses.  Hence,  if  it  be  true,  as  I  have  said,  that  we 
do  away  with  all  noise  and  show  of  steam,  smoke,  cinders  and  dii"t,  it 
being  clear  that  our  system  of  power  is  the  most  dii-ect  in  application 
and  therefore  most  economical,  it  certainly  seems  not  too  much  to  claim 
that  it  is  the  best  and  will  be  proven  the  most  practicable  for  ordinary 
street  traflSc. 

The  wearing  parts  of  the  Kinetic  motor  are  of  the  simple  link  motion 
engine. 

Alfked  F.  Seabs,  M.  Am.  Soc.  C.E. — With  the  Sprague  system  and 
with  two  15-H.  P.  motors  on  our  cars — we  had  one  7%  grade — we 
found  it  impracticable  to  haul  a  trailer  over  our  grades. 

Mr.  Ejieey. — My  recollection  is  that  the  Baltimore  and  Ohio  Koad 
ran  over  a  10,?o  grade  on  a  temporary  road,  with  an  ordinary  loco- 
motive and  one  car,  while  building  a  tunnel.  It  will  be  of  interest 
to  add  to  the  general  discussion  of  the  subject  of  electric  locomo- 
tives, the  fact  that  on  the  Neversink  Mountain  Road  near  Eeading, 
Pa. ,  electric  cars  weighing  empty  22  000  lbs.  are  propelled  with  80 
passengers  at  the  rate  of  9i  miles  per  hour  uj)  3.6%  grades  with 
two  25-H.  P.  motors  developing  at  the  time  about  35  H.  P.  A 
reiDort  of  the  tests  made  under  the  direction  of  Dr.  Duncan,  of  the 
Johns  Hopkins  University,  will  be  found  in  a  recent  number  of  the 
Eiedrlcal  World. 

E.  E.  EussEiiii  Tkatma^',  Assoc.  M.  Am.  Soc.  C.  E. — In  South 
America  there  are  several  long  lines  of  horse  railways  similar  to  the 
Mexican  line  referred  to  by  Mr.  Sears.  Such  a  line  is  the  "Tram- 
way Rural,"  extending  from  Buenos  Ayres  250  miles,  and  having  very 
light  grades.     Horse-jiower  is  employed  for  the  reason  that,  while  coal 
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costs  about  $11  per  ton,  a  good  horse  can  be  purchased  for  820,  and 
kept  nearly  a  year  for  $20  more.  The  horses  are  changed  frequently 
during  the  trip,  which  occupies  three  days,  and  the  fare  is  $50.  The 
rolling  stock  equipment  includes  sleeping  cars  built  by  the  J.  W. 
Brill  Company,  of  Philadelphia,  Pa.,  which  in  apiiearance  resemble 
ordinary  four-wheel  street  cars,  but  have  four  uj)per  and  four  lower 
berths,  toilet  room,  etc.  Such  railways,  however,  are  better  described 
as  tramways  than  as  street  railways. 

Por  city  lines  with  heavy  traffic  cable  traction  presents  many  ad- 
vantages and  has  proved  very  successful.  As  to  the  practicability  of 
electric  traction  there  can  be  no  doubt,  but  there  are  many  objections 
to  the  use  of  overhead  wires  in  city  streets.  Both  storage  battery  and 
conduit  systems  have  been  proved  practicable,  but  they  have  not  yet 
been  made  generally  reliable  and  successful  from  a  commercial  point 
of  view,  although  there  is  little  doubt  that  this  can  and  will  be  done. 
This  very  desirable  result  will  not  be  brought  about,  however,  so  long 
as  city  authorities  permit  the  use  of  overhead  wires,  thus  cheapening 
the  original  outlay. 

Both  cable  and  electric  systems  have  the  disadvantage  of  requiring  an 
expensive  stationary  power  j)lant,  and  (except  where  storage  batteries 
are  used)  a  special  construction  of  track,  and  this  renders  them  unde- 
sirable, or  even  out  of  the  question,  under  certain  circumstances. 
Among  other  motors  tried  may  be  named  compressed-air  engines,  the 
Lamm-Prancq  flreless  locomotives  (m  use  on  a  suburban  railway  in 
Paris),  and  soda  motors  of  the  Hinigmann  and  other  patents.  There  is 
also  an  ammonia  motor  which  has  been  tried  at  Chicago  ;  and  several 
different  forms  of  steam,  petroleum,  naphtha  and  gasoline  motors  are 
all  on  the  market.  For  lines  on  which  the  traffic  is  small  or  intermit- 
tent in  character,  the  question  of  first  cost  is  very  important ;  and 
although  the  overhead  wire  electric  system  seems  now  to  be  in  favor 
for  such  lines,  the  cost  of  power  plant  and  wiring  is  a  considerable 
item.  For  such  lines  steam  traction  presents  many  advantages.  Very 
frequently  the  track  on  such  lines  is  too  light,  and  the  engines  are  of 
light  and  cheap  construction,  and  are  not  properly  handled,  so  that 
they  become  very  dirty  and  a  nuisance  generally.  This  accounts  for 
the  prejiidice  existing  against  them. 

Street  motors  are  generally  carried  on  four  wheels,  all  coupled,  and 
are  given  to  lurching  owing  to  the  short  wheel  base,  but  some  are  built 
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witli  a  leading  or  trailing  pony  truck  (or  both),  and  are  preferable 
where  large  and  fast  engines  are  required.  There  are  about  400  of  these 
steam  motors  in  oj^eration  in  this  country ;  and  Great  Britain  has 
about  550,  working  in  and  near  large  cities  and  through  the  neighbor- 
ing manufacturing  districts,  some  com^aanies  having  25  to  75  engines. 
It  must  be  admitted  that  they  have  given  rise  to  considerable  complaint 
in  England,  owing  largely  to  faulty  construction  of  the  earlier  engines 
and  their  inability  to  meet  the  rigid  requirements  of  the  Board  of 
Trade  as  to  noise,  stoj^ping  and  starting,  emission  of  smoke  and  steam, 
etc. ;  but  some  works  now  turn  out  very  satisfactory  engines.  Having 
occasion  some  time  since  to  report  upon  the  most  desirable  system 
for  use  at  a  summer  resort  I  made  extensive  enquiries  as  to  the  use 
of  steam  motors,  and  received  such  favorable  opinions  that  I  decided 
against  the  overhead  wire  system  on  account  of  large  first  cost,  and 
the  cost  of  maintenance.  My  recommendation  was  that  noiseless  steam 
motors  (or  combination  steam-cars)  be  used,  as  involving  a  minimum 
in  both  the  items  named.  Steam  motors  are  also  extensively  used  in 
Italy,  Belgium,  India  and  elsewhere  for  suburban  lines  and  country 
tramways. 

The  engines  are  principally  those  made  by  the  Baldwin  Locomotive 
Works,  of  Philadelphia,  and  H.  K.  Porter  &  Co. ,  of  Pittsburgh,  and 
the  following  notes  are  taken  from  the  information  thus  obtained. 
The  Baldwin  Locomotive  Works  have  also  built  one  or  two  steam 
motors  on  the  Vauclain  four-cylinder  type, 

Enslei/,  Ala. — Engine  with  cylinders  12  x  16  ins.,  and  weighing 
38  000  lbs.,  hauled  125  000  lbs.  on  grade  of  2%,  and  around  curves  of 
57  ft,  radius.  The  cars  weighed  14  000  lbs.  empty,  and  had  seating 
capacity  for  100  passengers.  The  length  of  road  was  7i  miles  and  the 
engine  mileage  124  and  170  miles  on  alternate  days,  vnth  a  consumption 
of  3  000  lbs.  of  coke  for  the  latter  distance.  The  engines  were  noise- 
less and  very  satisfactory! 

Sehna,  Ala. — Engine  with  cylinders  6  x  10  ins.,  and  weighing  7  tons. 
Maximum  grade,  two  per  cent.  The  exhaust  was  noiseless.  The  engine 
consumed  about  400  lbs.  of  coke  per  ten  hours,  and  cost  81  per  day  for 
coke  and  oil.  It  coixld  stop  in  6  ft.  -at  6  miles  an  hour  and  started 
easily.     Engineman's  pay,  30  cents  per  hour, 

Nashville,  Tenn. — Four-wheel  engine,  with  36-in.  wheel,  cylinders 
12  X  24  ins.,  and  weight  33  000  lbs.     Track  laid  in  middle  of  T)usiness 
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streets.  No  accidents  and  no  trouble  from  frightening  horses  or  from 
noise.  Maximum  grade,  8.25  per  cent.  The  engine  hauled  two  3-i-ft. 
cars  (sometimes  with  300  jjeople),  without  trouble,  and  could  stoj)  and 
start  on  this  grade.     Engines  entirely  satisfactory. 

St.  Louis.  Mo. — Engine,  15  ft.  long,  with  cylinders  9|  x  14  ins.; 
30-in.  driving  wheels;  5  ft.  3  in.  wheel-base;  weight,  20  000  lbs., 
and  burning  gas-house  coke.  Hauled  about  45  tons  on  S%  grades  and 
sharjD  curves,  taking  five  open  cars,  with  70  passengers  each,  at  15  to  20 
miles  per  hour,  on  runs  of  3^  to  6  miles,  with  frequent  stoj^s.  Very 
slight  noise  from  exhaust,  and  no  steam  visible  excejjt  in  very  damp 
weather. 

Philadelphia,  Pa. — Steam  car  with  vertical  boiler,  15  H,  P.  engine 
and  toothed  gearing,  built  by  the  railway  company  for  ^2  000  to  $2  500. 
The  car  seated  30  persons,  and  had  water  tanks  under  the  seats. 
Length  of  line,  3  miles.  The  track  was  laid  on  the  business  streets 
(47-lb.  tram  rails  on  7  x  7-in.  timbers),  and  there  were  seldom  any  ac- 
cidents, although  occasionally  a  strange  horse  would  get  scared.  At 
busy  times  double-deck  cars  were  attached,  and  100  to  200  passengers 
have  been  carried.  Coal  consumj)tion,  1  500  lbs.  per  day  of  twelve 
hours.     Enginemen  were  paid  S'2.90,  and  conductors  ^2.50  per  day. 

Mr.  Seaks. — I  will  say  concerning  the  examination  made  in  this 
paper,  that  after  having  built  an  electric  road  and  operated  it,  becom- 
ing very  much  disappointed  with  the  results  we  have  obtained,  I  was 
desired  when  I  came  East  to  make  investigations  concerning  any  new 
motors  and  motive  power  generally  upon  street  railways.  On  my 
way  East,  stopping  in  Chicago,  I  had  occasion  to  see  some  different 
expeiiments  that  were  being  made  there,  and  at  the  invitation  of  the 
Boston  authorities,  I  witnessed  some  experiments  made  with  com- 
pressed steam  motors,  to  which  I  have  given  special  attention  in  this 
paper. 

I  have  no  interest  in  the  machine,  but  I  have  in  the  company  that 
employs  it. 

I  found  the  expeiiments  in  Chicago  less  noisy  than  with  the  ordi- 
nary electric  cars.. 

"When  I  began  the  investigation,  which  resulted  in  the  paper  now 
under  discussion,  I  was  an  engineer;  I  find  myself  closing  the  discus- 
sion a  confirmed  advocate  of  the  use  of  compressed  steam,  and  esjjeci- 
ally  of  that  application  of  it  perfected  by  the  Kinetic  Power  Company. 
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Only  t"«-o  of  those  wlio  have  taken  jiart  in  the  discussion  have  made 
suggestions  calling  in  question  the  accuracy  of  conclusions  announced 
in  the  original  i)aper.  Analysis  of  their  statements  will,  I  think,  be 
found  to  sustain  these  conclusions. 

First. — Is  the  table  jjresented  in  the  remarks  of  Mr.  Brinckerhoff, 
from  the  Annual  Report  of  an  English  line,  in  -which  it  is  shown  that 
steam  paid  a  net  revenue  of  4.68d.,  while  the  cable  paid  6.50d.  and  elec- 
tricity 5.25d. 

Now  this  suburban  locomotive  is  just  the  machine  that  the  Kinetic 
motor  is  to  supplant.  If  it  did  not  get  rid  of  the  load  of  tender  with 
fuel  and  cold  water,  it  would  be  without  value;  it  would  not  be  the 
Angamar  contrivance.  The  English  locomotive  spends  6.38d.  per  car 
m.ile  for  motive  power;  the  Kinetic  motor  will  make  its  cost  less  than 
Id.  The  great  economy  of  slow  combustion  at  a  properly  constructed 
charging  station  must  be  kept  in  mind.  This  difference  augments  the 
net  revenue  for  steam  by  the  Kinetic  motor  to  9.98d.  against  4:.68d.  by 
the  ordinary  locomotive;  6.50d.  by  the  cable,  and  5.25d.  by  electricity. 

Again,  the  steam  locomotive  quoted  is  debited  with  a  permanent 
way  and  building  cost  of  1.55d.  i^er  car  mile,  while  the  cable  and  elec- 
tric lines  have  to  stand  but  0.14d.  and  0.13d.  respectively.  The  reason 
is  obvious,  and  the  permanent  way  of  the  Kinetic  motor  will  cost  less 
than  any  of  those  systems;  it  is  a  track  having  about  the  duty  of  the 
electric  car  without  the  conductors;  nor  has  it  the  conductor  and  cable 
of  the  cable  line.  It  seems  not  too  much  to  deduct  for  these  expenses, 
what  would  bring  its  cost  down  to  that  of  the  horse  line,  which  is  0.52d. 
But  let  us  call  it  0. 60d.  which  it  certainly  would  not  exceed,  and  then 
we  may  add  to  the  9.98d.  per  mile  for  net  revenue  the  difference  be- 
tween 1.05d.  and  0.60d.  or  0.45d.,  by  which  the  net  revenue  on  the 
Birmingham  steam  line  would  be  increased,  making  the  total  net  reve- 
nue for  steam  10.4:3d.  i^er  car  mile  as  against  6.50d.  for  cable,  and 
5.25d.  for  electricity. 

It  is  to  be  noted,  that  in  this  instance  the  steam  duty  is  performed 
in  the  suburbs  where  the  population  is  sparse  as  compared  with  the 
mid-city  district. 

The  streets  of  Bii-mingham  rise  from  an  elevation  of  100  ft.  above 
sea  level  to  600  ft.  It  may  be  safely  granted  that  in  the  steep  sections 
of  the  town  the  cable  is,  as  premised  in  the  original  i)aper,  the  proper 
power  to  use. 
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It  seems  a  remarkable  fact  that  the  storage  battery  should  produce 
such  excellent  results  in  England,  while  we  have  not  yet  been  able  to 
develop  anything  to  give  equal  results.  If  I  were  appointed  to  make 
an  inspection  of  that  company's  accounts,  I  should  try  to  ascertain  just 
what  relation  the  executive  officers  of  the  Eailroad  ComjDany  bear  to  the 
storage  battery  system  as  a  sj^eculation.  This  remark  is  the  result  of 
a  pretty  intimate  acquaintance  with  British  commercial  methods. 

As  to  the  apprehensions  of  Dr.  Emery  concerning  the  ability  of  the 
Kinetic  motor  to  ascend  grades,  I  believe  I  am  i^artly  responsible  for 
them,  in  having  failed  to  make  it  plain  that  this  motor  car,  like  the 
electric  car,  carries  a  load  of  passengers. 

The  ability  to  ascend  a  grade,  with  either  class  of  motor,  is  made  up 
of  tractile  power  sufficient  to  move  a  weight  required  for  necessary 
adhesion. 

In  either  system  the  tractile  power  is  furnished  by  the  motor,  the 
adhesion  by  the  weight  made  up  of  the  car- weight  and  its  load.  Elec- 
tricity can  do  nothing  at  the  circumference  of  a  wheel  that  direct 
steam  will  not  do  ;  while  to  reach  electricity  we  must  suffer  important 
loss. 

In  the  case  of  the  Mountain  Road,  near  Reading,  mentioned  by  Dr. 
Emery,  there  is  an  acknowledged  loss  of  15  H.  P.  out  of  50  H.  P. 

As  to  the  noise  on  grades,  the  Kinetic  motor  is  Avorked  with  no  ap- 
preciable sound,  in  which  it  forms  a  remarkable  contrast  with  the 
groaning  of  electric  cars  on  steep  streets. 

It  is  in  the  experience  of  all  engineers,  who  have  been  much  occu- 
pied in  earthworks,  that  contractors'  locomotives  have  to  haul  empty 
dumping  cars  into  the  pit  by  grades  often  exceeding  20  per  cent. 
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DISCUSSION  ON  PILE-DRIVING. 

[Continued  from  2>age  172.)* 


By  Geokge  B.  Francis,  M.  Am.  Soc.  C.  E.,  and  J.  Foster  CroweiiL, 
M.  Am.  Soc.  C.  E. 


George  B.  Francis,  M.  Am.  Soc.  C.  E. — The  discussion  on  "Pile- 
Driving,"  published  in  the  August  number  of  the  Transaction!^,  shows, 
to  my  mind,  two  things  :  first,  that  the  formula  advocated  by  Mr. 
Wellington  is  not  only  reliable,  but  very  useful,  when  the  conditions 
met  with  are  similar  to  the  conditions  on  which  it  is  based;  second, 
that  there  is  a  lamentable  lack  of  uniform  practice  by  engineers  and 
contractors  in  this  feature  of  engineering. 

I  have  observed  with  great  interest  the  work  of  pile-driving,  from 
the  standpoint  of  an  engineer,  for  18  years  in  various  parts  of  the 
country,  and  have  determined  for  myself  the  most  important  points  for 
which  preparation  should  be  made.     It  frequently  happens,  however, 

*  See  Paper  No.  542,  Vol.  XXVII,  page  99. 
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that  a  case  "with  some  new  condition  arises  which  makes  me  feel  that  the 
method  adopted  is  something  of  an  experiment. 

It  seems  to  me  that  the  discussion  touches  lightly  on  the  very  com- 
mon, I  might  say  universal,  method  of  keeping  the  hammer  line 
attached  to  the  hammer  during  the  fall.  This  habit  or  custom  is 
almost  a  necessity  for  the  cheap  and  rapid  driving  of  piles,  and  will  be 
used  for  a  long  time  to  come,  and  must  be  taken  into  consideration  by 
the  engineer  when  determining  the  supporting  power  of  the  pile,  and, 
if  possible,  some  practical  way  of  correcting  the  formula  for  it  should 
be  found. 

There  is  also  another  feature  connected  with  this  method  of  driving 
which  should  not  be  overlooked  in  such  formula,  and  that  is  the  rapid 
driving.  Many  more  blows  can  be  struck  in  the  same  length  of  time 
than  with  a  method  where  the  hammer  is  allowed  to  go  free  at  each 
blow,  the  result  being  a  much  less  set  or  grip  by  the  surrounding  earth 
between  blows,  or,  to  illustrate  by  exaggeration,  one  blow  per  minute 
may  produce  1  in.  penetration,  while  two  blows  per  minute  on  the 
same  pile  may  produce  2  ins.  penetration  at  each  blow. 

This,  of  course,  affects  the  result  according  to  the  formula,  but  may 
not  affect  the  actual  value  of  the  pile. 

When  driving  rapidly  with  the  hammer  attached  to  the  line,  the 
hoisting  engineer  endeavors  to  prevent  more  line  unreeling  from  the 
engine  drum  than  is  necessary  to  let  the  hammer  reach  the  pile,  and  I 
have  frequently  seen,  as  have  others,  the  hammer  caught  just  before 
reaching  the  pile-head;  and  also  after  half  the  blow  had  been  expended. 

This  practice  can  easily  be  avoided,  and,  of  course,  should  be,  if 
conclusions  are  to  be  based  on  the  penetration. 

I  knew  one  engine  driver  who  prided  himself  on  his  ability  to  pick 
a  sheet  of  paper  off  the  head  of  a  pile  with  the  hammer  without  bruis- 
ing the  pajjer. 

A  frequent  cause  of  small  penetration  per  blow  is  the  crookedness  of 
a  pile,  which  j^ermits  it  to  spring  when  struck,  thxis  taking  up  a  jjart 
of  the  blow.  Another  cause  is  the  uneven  head  of  the  pile,  which 
permits  the  hammer  to  strike  on  one  side.  Still  another,  and  perhaps 
the  most  common  cause,  is  that  the  pile  is  set  up  out  of  plumb  ;  this 
is  due  to  the  haste  and  carelessness  with  which  it  is  placed  in  position. 

A  very  natural  question  arises  in  this  discussion,  as  follows:  what 
percentage  of  all  the  piles  driven  come  within  the  conditions  favorable 
to  the  apiilication  of  the  formula  for  bearing  load  ? 
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I  venture  the  statement  that  fully  one-half  of  all  the  piles  driven 
are  driven  under  some  condition  which  precludes  the  satisfactory 
apjilication  of  the  formula. 

If,  however,  one-half  of  the  jjiles  driven  come  within  the  range  of 
the  formula,  the  formula  is  a  decided  addition  to  our  working  data. 

On  the  West  Shore  Road  I  remember  one  case  in  dispute,  as  to  when 
the  specifications  were  fulfilled.  The  piles  driven  for  a  small  bridge 
abutment  penetrated  at  the  last  blow  a  distance  several  times  greater 
than  that  specified  in  the  contract.  The  engineer  in  immediate  charge 
held  that  the  contract  was  not  fulfilled.  The  driving  went  on,  and  the 
next  day  an  engineer  higher  in  authority  w^as  purposely  present  to 
insist  on  better  driving. 

The  contractor,  however,  proved  to  his  own  satisfaction  and  to  that 
of  the  engineer  that  the  specification  was  fulfilled,  by  setting  over  the 
piles  driven  the  previous  day,  and  showing,  by  rej)eated  trials,  that  he 
could  not  budge  them  the  specified  amount  without  several  blows. 
Was  the  specification  fulfilled  ? 

The  size  of  a  pile  has  much  to  do  with  its  value,  and  it  should  be 
insisted  on  that  sizes  be  fully  up  to  the  specification. 

As  all  engineers  know,  pile  foundations  are  adopted  when  one  is  un- 
certain what  else  to  do,  and  always  in  the  softest  and  most  difficult 
places. 

It  frequently  happens  that  a  soft  stratum  overlies  rock  or  a  very 
much  harder  stratum,  and  that  in  ^ch  cases  the  pile  acts  as  a  column. 
Then  it  becomes  quite  important  that  the  area  of  the  point  be  as  large 
as  j)Ossible;  that  the  pile  is  quite  uniform  in  size  its  whole  length,  and 
that  the  point  be  not  sharpened,  and  also  that  the  jjile  be  not  over- 
driven and  split  or  bruised. 

It  is  seldom  that  an  engineer  has  the  opportunity  by  digging  out 
around  and  exposing  to  view  all  or  nearly  all  of  a  driven  pile,  to  see 
how  it  has  acted  and  to  draw  any  lessons  from  the  result. 

While  building  a  bridge  for  Newark  Avenue,  Jersey  City,  in  1886, 
under  which  passes  the  New  Jersey  Junction  Eailroad,  I  witnessed, 
as  engineer  in  charge,  the  driving  and  digging  out  of  about  14  jjiles 
used  for  the  temporary  support  of  a  water-j^ipe.  The  material  in  the 
street  was  of  uncertain  character,  being  composed  of  refuse,  filling, 
bowlders,  etc. 

The  piles  went  in  hard,  some  of  them  requiring  as  many  as  1  200 
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blows  to  jjenetrate  35  ft.  Careful  watch  was  kejjt  of  each  pile  and  the 
way  it  was  driven.  The  foreman  was  often  asked,  whether,  in  his 
judgment,  the  j)iles  were  brooming  or  breaking,  and  always  gave  a 
negative  answer.  Apparently,  they  were  all  put  in  to  full  depth,  and 
ready  to  do  all  that  was  exjDected  of  them.  The  work  of  excavating 
for  the  railway  was  then  begun,  and  one  after  another  of  the  piles  was 
exi^osed  to  view. 

More  than  half  of  them  were  disabled  by  being  broken  short  off  at 
points  6  to  10  ft.,  and  more  under  ground,  some  broken  twice,  and 
the  upper  part  of  the  pile  going  down  alongside  of  the  broken  point, 
or  being  driven  right  into  the  point,  and  splitting  it  in  pieces.  One 
pile  in  particular  struck  a  flat-top  boulder  6  ft.  under  ground,  and 
about  25  ft.  of  that  pile  was  broomed  up  and  ramified  off  into  the 
groimd  in  all  directions. 

This  was  new  experience  to  me,  and  I  made  up  my  mind  then  and 
there  that  I  could  not  tell  when  a  pile  broke  or  when  it  was  brooming. 

The  foreman,  one  of  Ross  &  Sandford's  experienced  drivers,  was 
equally  at  sea.  Another  like  experience  at  Atwell's  Avenue  bridge  in 
Providence,  where  the  piles  were  driven  for  a  similar  purpose  into  a 
clean  mortar  sand  with  no  stone  of  any  kind  in  the  way,  with  similar 
results  as  regards  breaking,  has  more  than  ever  convinced  me  that 
engineers  really  know  very  little  about  what  has  happened  to  piles 
driven  in  anything  but  soft  bottom,  and  that  many  breaks  take  place 
of  which  the  men  on  the  driver  are  unaware. 

Other  similar  results  have  been  experienced  when  driving  piles 
behind  old  bridge  abutments  for  temporary  support,  while  renewing 
masonry  on  railroads  in  operation.  Instead  of  using  sound  sjiruce 
piles,  as  was  done  in  the  cases  cited  above,  I  jorefer  to  select  a  hard- 
wood pile  for  such  jiixrposes,  jareferably  white  oak. 

Sometimes  it  is  impossible  to  penetrate  with  a  sounding  rod  a 
material  through  which  it  is  easy  to  drive  piles. 

At  Kidd's  Cove,  a  point  on  the  West  Shore  road  nearly  opposite 
Poughkeepsie,  I  once  undertook  to  get  some  rod  soundings  in  order  to 
determine  the  length  of  pile  necessary,  but  with  eight  men  on  the 
handles  of  the  rod,  and  after  repeated  trials,  the  deepest  jjenetration 
obtained  was  7  ft. ,  the  clay  seeming  to  stick  and  gum  the  rod,  so  that 
it  could  hardly  be  extracted.  A  test  pile  Avas  driven  in  the  same 
material,  which  penetrated  70  ft.  with  perfect  ease.  This  was  another 
surprise,  and  I  have  ever  since  viewed  rod  soundings  with  suspicion. 
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In  1883  I  kei)t  a  record  of  some  piles,  driven  for  a  dock  for  the 
Oregon  Railway  and  Navigation  Company,  at  Albina,  opjjosite  Port- 
land, Oregon.  These  piles  were  large  sticks  70  and  80  ft.  long, 
driven  40  ft.  into  the  river  silt,  and  would  go  from  8  to  15  ins.  at 
the  last  blow.  Later,  I  saw  this  same  dock  loaded  with  steel  rail  for 
the  M.  P.  E.  E.,  -piled  as  closely  as  possible,  4  ft.  high,  without 
aj^ijarently  settling  the  piles,  a  rough  estimate  of  the  load  on  each 
l^ile  being  about  18  tons.  These  piles  were  of  large  diameter,  as  were 
all  piles  used  in  that  locality,  it  being  no  uncommon  thing  to  see 
in  a  raft  many  piles  that  would  measure  150  ft.  in  length,  30  ins.  in 
diameter  at  the  butt,  and  12  ins.  at  the  tip,  and  be  as  straight  as  an 
arrow. 

It  is  to  be  hoped,  for  the  benefit  of  some  of  the  younger  members 
of  the  profession,  that  some  enterprising  member  will  suggest  a 
formula  that  will  determine  the  amount  of  lateral  resistance  a  jjile  is 
good  for  when  driven  in  soft  and  moderately  stiff  earths.  The  formula 
should  be  arranged  to  always  give  zero  as  the  answer. 

If  there  is  one  mistake  more  than  any  other  made  in  the  use  of  a 
pile,  it  is  to  place  on  it  a  vertical  load,  and  in  addition  make  a  retain- 
ing wall  out  of  it.  There  seems  to  be  a  current  opinion  that  piles  in 
any  material  are  good  for  either  vertical  or  lateral  pressure,  and  abut- 
ment after  abutment  is  built  without  spur  piles  or  heavy  rijj-rai),  onlv 
to  fall  over  or  get  out  of  shape.  I  am  not  free  from  guilt  on  this  jDoint 
myself,  but  in  recent  years  I  have  tried  to  make  amends  by  jiutting  the 
money  required  to  rei^air  and  rebuild  an  abutment  thus  built,  into 
rip-rap  and  spur  piles  at  the  start. 

J.  FosTEK  Ckowei/Ij,  M.  Am.  Soc.  C.  E. — Before  reji lying  to  the 
points  raised  by  the  several  gentlemen  in  the  discussion  on  my  recent 
paper  a  word  of  exi^lanation  is  necessary.  In  this  discussion  as 
printed,  see  pages  160-161,  I  appear  to  have  replied  already  to  Mr. 
Wellington  and  Mr.  Trautwine,  but  the  fact  is  that  these  are  the  verbal 
and  extemi^oraneous  comments  made  when  the  jiaper  was  read  ;  since 
then  each  of  these  gentlemen  has  very  properly  and  kindly  elaborated 
and  extended  his  discussion,  but  o^"iug  to  my  absence  from  New  York 
at  the  time  they  had  corrected  their  proofs  and  to  the  editorial  neces- 
sity for  the  publication  of  the  paper  and  the  discussion  in  the  August 
number,  I  was  not  able  to  even  see  what  they  had  written  until  too 
late  to  add  my  replies.     The  following  brief  comments  will  therefore 
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be  considered  in  the  light  of  closing  the  discussion  and  not  as  re- 
opening it. 

Had  it  not  been  for  the  absence  above  referred  to,  Mr.  Traiitwine's 
misapprehension  in  regard  to  what  he  terms  the  two  "Crowell"  for- 
mulas would  have  been  corrected  before  it  got  into  these  pages,  where, 
of  course  without  intention  on  his  part,  it  does  some  injustice  to  the 
avowed  object  of  the  paj)er  to  simplify  the  list  of  formulas  and  not  to 
add  to  it.  In  his  discussion  it  would  appear  as  if  I  had  put  forth  and 
laid  claim  to  two  alternate  forms,  one  of  which,  designated  by  him 
"Crowell  (a),"  by  making  use  of  a  universal  constant,  is  a  distinct  con- 
tradiction of  the  principle  of  the  other,  and,  with  that  keen  and  incisive 
sense  of  humor  which  all  admire,  he  has  turned  the  tables  in  a  way 
which,  if  he  could  find  supi^ort  for  it  in  the  original  paper,  would 
force  a  somewhat  ridiculous  conclusion.  But  if  he  will  kindly  turn  to 
page  106  he  will  find  the  following  two  references  (and  only  these  in  the 
entire  paper)  to  the  form  which  he  has  dubbed  "  Crowell  (a),"  to  wit  : 
"in  order  to  show  grajshically  the  effect  of  the  constant  "c"  in  the 
Engineering  News  formula  and  to  prepare  for  reference  further  on  to 
a  suggested  modification  of  this  (z.  e. ,  the  Engineering  News)  formula, 

w  X  2/^ 

the  curve,  shown  by  the  full  line,  of  the  equation  L  — -r-^ 

''  s  -f-  (c  =;  U.o) 

has  been  introduced,"  and  again  "second,  the  Engineering  Neics 
functions  with  constant  (c  =  1)  give  values  more  and  more  conserva- 
tive, comparatively,  as  the  values  of  s  become  smaller,  whereas,  the 
curve  with  c  taken  at  0.3  while  growing  conservative  as  s  becomes 
greater,  maintains  more  nearly  an  average  of  the  other  two  where  s  is 
smaller." 

Further  on,  page  109,  although  the  formula  is  not  again  referred  to, 
he  will  see  that  mention  is  made  of  ' '  the  two  curves  of  this  (the 
Engineering  News)  formula  in  Diagram  2,  which  we  have  considered." 

Turning  back  to  page  108,  will  be  found  a  very  exj^licit  statement  of 
what  the  author  did  offer  as  his  humble  contribution  and  "as  the  only 
feature  in  this  paper  for  which  originality  is  claimed,  a  develojDment 
of  the  (still  the  Engineering  News)  formula  which  lends  itself  in  a  very 
elastic  and  consistent  manner  to  the  desired  end"  (/.  e.,  as  the  con- 
text shows,  the  rational  modification  between  defined  limits  of  the 
Engineering  News  formula),  which  the  writer,  rightly  or  wi'ongiy,  con- 
sidered too  rigid  in  its  simpler  form  for  universal  application.     Therein 
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lies  the  uni^ardonable  sin,  according  to  Mr.  Wellington,  whose  criti- 
cism shall  jiresently  be  considered,  of  "tampering  with  the  constant." 

It  is  entirely  correct  to  charge  the  writer  with  all  the  consequences, 
evil  or  otherwise,  of  the  i3roposed  modification,  but  it  certainly  is  not 
fair  to  Mr.  Wellington,  nor  to  the  paper,  to  designate  the  modified 
formula  as  "  Crowell  (/>),"  and  Mr.  Trautwine's  very  valuable  discussion 
should  be  read  with  a  hiatus  on  pages  139  and  143,  and  on  the  diagrams 
on  pages  141  and  147,  wherein"  Crowell  {a)  "  apjiears. 

One  more  correction  aj)pears  necessary.  Mr.  Trautwine  has  con- 
sidered that  the  scale  of  values  of  w',  according  to  duty  classification  in 
Table  I,  page  110,  is  offered  as  an  exhaustive  and  arbitrary  one,  but  a 
careful  reading  of  the  much  more  modest  claims  than  that,  which  are 
to  be  found  on  page  112,  and  in  the  concluding  paragraph  of  the  paper, 
will  show  very  clearly  that  the  author  considered  it  tentative  and  illus- 
trative, although  he  was  and  is  free  to  say  that  for  usual  conditions  he 
thinks  it  will  be  found  entirely  suitable,  and  consistent  with  security 
and  economy.  By  reference  to  Comparison  Diagram  No.  3,  on  page 
113,  which  was  not  shown  when  the  paper  was  read,  it  will  be  seen 
that  the  effect  of  the  variable  denominator  is  on  the  side  of  safety  for 
all  penetrations  greater  than  3i  ins.  under  a  blow  of  40  000  foot  pounds, 
while  the  encroachments  on  the  factor  of  6  are  within  the  region  of 
smaller  penetrations  and  light  service. 

The  author  desires  to  thank  Mr.  Trautwine  afresh  for  his  most  use- 
ful contribution  of  tabulated  res^^lts,  which  adds  so  very  materially  to 
the  value  of  the  paper. 

Mr.  Wellington's  discussion  is  so  comprehensive  and  original  that 
there  is  more  of  favor  to  acknowledge  than  opportunity  for  rejoinder. 
He  deserves  the  thanks  of  all  for  his  i)resentation,  as  a  discussion  of  a 
l^aper  intended  to  be  very  general,  of  so  much  that,  to  quote  his  own 
words,  "would  perhaps  be  more  appropriate  in  the  form  of  a  separate 
paper,"  and  great  credit  for  his  very  able  and  thorough  treatment  of 
the  subject,  especially  of  the  part  relating  to  the  consideration  of  the 
frictional  resistance  of  piles. 

Mr.  Wellingion  devotes  five  pages  to  the  derivation  of  the  constant 
1,  as  ajiplied  to  the  Engineering  Nen-s  formxila,  and  two  jDages  more  to 
reasons  why  it  should  not,  as  he  says,  be  "  tampered  "  with  or,  in 
another  place,  "  monkeyed  with."  Although  Mr.  Wellington  is  far  too 
polite  to  say  so,  he  intimates  that  a  ' '  fool  has  rushed  in  where  angels 
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fear  to  tread,"  and  he  certainly  lias  made  a  l)rave  fight  for  the  integrity 
of  his  constant.  The  author  having  approved  his  formula  has  not 
pleased  him  thereby  nearly  so  miich  as  he  has  exercised  him  later  by 
"  improving." 

As  to  the  infallibility  of  the  constant  1,  Mr.  Wellington  has,  apjjar- 
ently,  himself  provided  the  strongest  kind  of  a  doubt,  in  his  demonstra- 
tion on  pages  133  and  134,  for  he  says  :  "I  assume  that  the  decreasing 
excess  resistance  outlined  by  the  line  E  D  (referring  to  the  diagram  on 
page  132,  which  is  here  reprinted  for  convenience)  and  whose  value  in 
s'  a 
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foot  pounds  is  expressed  by  the  irregular  area  B'  ED,  is  confined 
within  the  first  inch  of  penetration  {i.  e.,  that  B'  E  =1),  and  that  the 
initial  excess  B'  D  =  d  o  B'  =^  S  s  E.  The  selection  of  these  i^articular 
constants  instead  of  others  a  little  higher  or  lower  is  pure  assumj^tion 
in  the  sense  that  we  can  never  know  experimentally  just  how  this  is." 
Then  follow  his  reasons  for  the  assumptions,  and,  next,  an  entirely  correct 
and  very  ingenious  demonstration,  based  upon  the  first  assumption  (r/>.  .• 
that  the  portion  of  the  set  of  the  pile,  under  the  blow,  in  which  the 
resistances  are  excessive,  is  within  the  first  inch  of  penetration)  that 
wh  =  E  X  {s  -\-  1)  q.  e.  d.  But  what  occurs  when  there  is  no  first  inch  ? 
Obviously  when  the  entire  set  is  1  in.  or  less,  the  value  to  be 
assigned  to  B'E  must  be  some  fractional  part  of  1.  Now,  it  is  a 
natural  consequence  of  Mr.  Wellington's  demonstration,  which  can  be 
verified  by  simple  substitution,  that  whatever  value  be  assigned  to  B'E 
will  necessarily  be  the  value  to  be  added  to  .«?.  In  other  words,  his 
value  c,  instead  of  being  constant  for  all  values  of  s,  must  be  a  variable 
and  equal  in  each  case  to  the  assumed  value  for  B'E :  this  is  an  exact 
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result  according  to  Mr.  "Wellington's  own  figures,  using  his  equations 
without  change  or  taking  any  liberties  with  his  value  of  the  initial 
excess  of  resistance,  which  is  indei^endent  of  the  penetration. 

In  every  case  where  s  is  less  than  1  in.,  and  in  some  cases  even 
where  it  exceeds  \,  B'  E  &  part  of  s  must  be  smaller  than  1.  In  the 
very  ordinary  cases  where  s  is,  say,  J  or  §  of  an  inch,  B'  E  might  be  as 
small  as  i  of  an  inch  and  the  value  of  Mr.  Wellington's  precious 
*'  constant  "  would  also  be  one-fourth. 

In  other  words,  Mr.  Wellington  has  unwittingly  demonstrated  that 
his  increment  of  the  denominator  of  his  formula  must  vary  with  the 
penetration.  The  modification  proposed  by  the  author  takes  account 
of  this  very  obvious  variation  and  seeks  to  adjust  it  by  reference  to  a 
standard  blow  applied  in  the  natural  course  to  each  pile  before  the 
termination  of  the  driving. 

But  apart  from  this  demonstration  let  us  consider  practically  what 
is  the  actual  effect  of  the  jiresence  of  the  constant  1,  around  whose 
slender  form  Mr.  Wellington  has  drawn  such  an  "awful  circle." 
We  might  construct  a  curve  which  would  show  its  inconsistencies 
through  a  wide  range  of  driving,  but  one  or  two  examples  will  sufiice. 

Let  us  suppose  a  case  where  a  pile  is  being  driven  in  soft  material 

and  where  the  penetration  is  considerable;  one  of  the  cases  in  Lake 

Pontchartrain,  cited  by  Colonel  Nicholson  (see  page  157),  where,  after 

driving  100  ft. ,  the  penetration  was  9  ins. ;  the  working  load  of  that 

2  wh  2 

pile  by  the  Wellington  formula  would  be  -^  =  -— -  wh,  and  the 

effect  of  the  constant  is  to  reduce  the  loading  from  ^  to  ,-„- 
equivalent  to  11  per  cent.  With  such  great  penetration  we  should, 
of  coui'se,  1)e  on  our  guard,  and  common  sense  would  cause  us 
to  make  a  much  greater  allowance.  Now,  let  us  take  another  case 
where  a  pile  had  been  driven  through  firm  material  for,  say  30  ft., 
and  the  last  blow  showed  a  penetration  of  i  of  an  inch.  Here, 
obviously,  the  conditions  are  very  favorable  and  we  might  rest  assured 
that  the  pile  was  trustworthy,  but  the  effect  of  the  constant  1  would 
be  to  reduce  the  loading  by  66f  per  cent. 

Again,  let  us  supjiose  that  in  the  same  work  are  two  piles  side  by 
side,  but  one  much  larger  in  diameter  than  the  other;  let  us  assume 
that  No.  1  under  the  last  blow  has  penetrated  1  in.,  but  that  the 
other,  being  larger,  has  only  penetrated  half  an  inch  under  an  equal 
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blow.  Practically,  we  should  be  justified  in  the  conclvTsion  that  No. 
2  would  stistain  twice  (or  more  than  twice)  as  much  as  the  other, 
but  by  the  Wellington  formula  the  presence  of  the  constant  would  give 

in  the   first    case    L  =  -- — -— -  =  loh,  and  in  the  second  L  = 


1+1  '  ^+1 

1.33  wJ/. 

Here,  as  in  the  other  case,  we  must  vary  the  "constant";  in  fact,  we 
must  "  tamjier  "with  it,  to  make  it  useful  and  reliable.  Mr.  Welling- 
ton further  alleges  that  difi'erences  of  10  to  12^;^  of  loading,  /.  e., 
when  they  are  against  his  formula,  are  ' '  small  differences  to  dis- 
pute over."  In  this  I  cannot  agree  with  him,  but  must  maintain  that 
such  differences  in  cost  of  a  foundation  are  well  worth  saving  and,  as 
shown  in  Comparison  Diagram  No.  3,  they  must  be  often  greater  and 
on  the  other  side.  Nor  can  I  concur  when  he  declares  that  the  allow- 
ance to  be  made  in  important  structures  should  not  be  made  in  a 
formula,  but  that  "the  way  to  make  such  changes  is  to  space  the  piles 
a  little  nearer  together  or  farther  ajDart  than  we  otherwise  would,"' 
which,  besides  being  a  clumsy  and  often  undesirable  thing  to  do,  has 
no  bearing  whatever  on  the  value  of  a  formula  whose  use  consists  in 
arriving  at  the  bearing  power  of  the  separate  piles  as  they  are  driven, 
and  so  to  determine  whether  they  shall  be  driven  closer  together  or 
not  so  close.  But  while  Mr.  Wellington's  demonstration  is  of  no  ser- 
vice whatever  in  determining  the  increment  of  the  denominator,  it  is 
quite  apparent  that  his  ingenious  treatment  of  the  subject  suggests  a 
way  of  obtaining  data  for  determining  it  still  more  closely  than  the 
author  deems  it  possible  to  do  with  his  own  proposed  standard  blow. 
If  Mr.  Wellington  will  marsh  all  the  array  of  extensive  observations  of 
the  behavior  of  piles  in  driving  to  which  he  has  referred,  he  doubt- 
less will  be  able  to  afibrd  us  much  additional  light  on  the  ratio  of  the 
allowance  for  "c"  in  terms  of  the  ram  energy  divided  by  the  penetra- 
tion; "  here  all  the  honor  lies." 

Mr.  Wellington  offers  what  he  terms  a  further  reason  why  the  con- 
stant 1  should  not  be  tampered  with,  which  is  briefly  stated,  that  with 
it  his  formula  reduces  to  jL  =  2  wh  when  s=;0,  i.e.,  when  the  pile  has 
been  driven  to  solid  bottom,  and  can  penetrate  no  farther,  "which 
happens  to  be  just  about  what  the  pile  can  safely  carry  as  a  column 
Tinder  ordinary  and  probable  values  of  w  and  7^,"  etc.  This  reasoning 
may  truly  be  called  occult.  What  is  the  probable  value  of  w,  and 
from  what  height  does  the  hammer  usually  fall  when  piles  strike  solid 
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ground?  It  seems  scarcely  necessary  to  point  out  that  the  two  things, 
the  strength  of  the  pile  as  a  column  and  the  ram  energy  expended  in. 
driving,  are  incommensurable  and  can  have  no  fixed  relation  to  one 
another,  for  the  very  obvious  reason  that  the  instant  the  pile  strikes 
solid  ground  and  penetration  ceases,  the  driving  formula  becomes  in- 
applicable; there  is  no  transition,  but  a  new  condition,  for  which  the 
column  formula  must  be  used.  In  addition  to  that,  neither  »/'  nor  h 
can  bear  any  fixed  relation  to  the  solid  bottom  or  to  the  length  of  the 
pile;  if  we  supi^ose  the  solid  bottom  to  be  a  shelving  rock  nearer  to 
the  surface  at  one  part  of  the  work  than  at  another,  so  that,  in  the  driv- 
ing, one,  of  two  piles  of  equal  length  and  same  material  and  diameter, 
brings  up  on  it  with  10  ft.  less  fall  of  the  hammer,  we  j^erceive  that 
— though  the  strength  of  the  two  piles  as  columns  are  equal — the  pro- 
duct 2  wh  in  one  case  is,  as  compared  with  the  other,  only  1  w  [h  —  10) ; 
perhaiDS  only  one-half  as  great,  or  even  less  dependent,  of  course, 
on  h. 

Again,  let  us  consider  the  ease  of  a  pile  of  a  certain  ordinary  length 
and  diameter,  which  has  been  driven  to  the  jjoint  of  no  j^enetration 
under  a  known  value  of  2  wh.  In  one  locality  this  jjile,  probably, 
would  be  hemlock,  but  in  another  part  of  the  country  it  probably 
would  be  white  oak  with  a  very  different  modulus  of  crushing, 
although  2  ich  would,  under  the  conditions  cited,  perhaps,  although, 
not  i^robably,  be  the  same. 

Finally,  let  us  assume  the  case  of  two  piles  of  the  same  material 

having  an  equal  ratio  of  -r,    but    of    different    diameters,     the   larger 

being  selected  for  the  deeper  position,  and  that  they,  on  account  of 
varying  depth,  can  be  and  are  di-iven  home  to  the  solid  rock  with  the 
same  fall ;  2  loh  is  then  the  same  in  regard  to  both,  but  it  cannot 
•*  happen  to  be  just  about  what  each  pile  can  safely  carry  as  a  column," 
because  the  two  ijiles  differ  in  that  res^ject  in  proportion  to  their 
diameters;  it  is  quite  within  the  usual  conditions  for  one  pile  to  be  as 
much  as  twice  the  diameter  of  the  other. 

The  Engineering  News  formula  (as  stated  in  the  paper)  is  in  the 
estimation  of  the  writer  the  best  in  form  and  the  moat  reliable,  speak- 
ing generally  and  for  ordinary  cases.  But,  to  make  it  universally 
applicable,  the  denominator  must  be  elastic,  and  the  constant  must  be 
displaced  by  a  series  of  values,  corresponding  to  the  varying  condi- 
tions of  driving;  a  further  adjustment  of  loading  should  be  made  ac- 
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cording  to  the  character  of  the  duty ;  this  is  independent  of  the 
primary  function  of  the  formula,  and  could  be  effected  by  applying  a 
coefficient  to  the  numerator  instead  of  adding  a  second  quantity  to  the 
denominator.  Mr.  Wellington  claims  that  the  coefficient  is  better; 
practically,  as  an  arithmetical  operation,  it  is  largely  a  matter  of  in- 
dividual preference,  but  the  writer  considers  it  better  to  keep  the  form 
of  the  Engineering  News  formula  for  the  reasons  given  in  the  paper, 
especially  (as  Mr.  Trautwine  has  noted,  page  143)  as  the  increase  in 
complexity  is  less  than  might  be  supposed  at  first  glance.  In  fact, 
there  is  no  complexity  in  the  principle  when  once  the  objects  of  the 
variations  are  clearly  understood. 

Mr.  Reece  is  quite  correct  in  his  view  as  to  the  best  time  to  get 
final  results,  although  such  results  as  he  aims  at  would  be  only  in- 
dicative of  general  conditions  on  a  special  work  and  could  not  be 
usually  applied  to  every  jsile.  But  the  object  treated  of  in  this  paper 
does  not  extend  beyond  the  pile  itself  and  its  behavior  under  the  final 
blow  whenever  that  blow  is  administered.  He  is  also  unquestionably 
correct,  as  are  Messrs.  Bouscaren  and  Nicholson,  as  to  the  observed 
fact  that,  in  some  soils,  piles  become  more  capable  of  resistance  after 
the  lapse  of  time. 

The  author  desires  to  thank  Mr.  Nicholson  and  other  members 
who  have  contributed  the  statistics  which  add  so  much  to  the 
value  of  this  discussion.  Colonel  Craighill  with  his  one-man  power 
driver  has  lightly  touched  upon  a  weighty  question,  which  concerns 
the  failure  by  sinking  of  pile  foundations  when  subjected  to  very 
slight  lateral  motion. 

Mr.  Robert  B.  Stanton  is  palpably  in  error  when  he  concludes  that 
"  every  one  seems  to  have  treated  the  pile  as  a  column  resting  upon  a 
foundation,  which  will  be  reached  by  this  method  of  driving  with  a 
heavy  hammer,  and  the  formulas  are  all  made  with  this  as  a  basis  "  ; 
as  a  fact,  none  of  the  formulas  discussed  in  this  paper  have  this  basis, 
and,  as  has  been  pointed  out  by  Mr.  Wellington  and  the  author,  jiiles 
must  be  considered  as  columns  and  their  strength  as  such  taken  as  the 
limit  whenever  the  computed  net  sustaining  power  by  the  formula 
exceeds  it.  In  other  cases  when  the  pile  is  short,  its  strength  as  a 
column  may  exceed  its  resistance  to  fiber  crushing.  Both  these  con- 
siderations are,  however,  outside  of  the  field  of  this  discussion,  which, 
as  has  been  reiterated,  is  confined  to  the  modulus  of  sustaining  power 
of  the  pile  as  gauged  by  the  blow  of  the  ram. 
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Mr.  Brush's  discussion  is  practical  and  valuable  ;  all  that  he  has 
said  in  support  of  his  proposition  that  the  matter  of  driving  piles  is 
one  to  be  treated  practically  and  not  theoretically  is  thoroughly 
endorsed  ;  not  only  here,  but  in  the  original  paper,  the  author  has 
sought  to  eliminate  all  theory,  excepting  as  to  the  principle  on  which 
the  effectiveness  of  a  driven  pile  depends.  Unquestionably,  as  Mr. 
Brush  says,  we  should  wherever  possible,  take  preliminary  borings  to 
determine  the  character  of  the  material  to  be  penetrated,  and  we 
should  rely  on  the  indications  as  the  work  proceeds  But  the  most 
definite  indications  obtainable,  and  which  must  be  final,  are  those  given 
by  the  piles  themselves  as  they  are  being  driven.  Of  course  in  many 
instances  test-pits  can  be  sunk,  but  often  the  very  conditions  which 
force  a  resort  to  piling  render  the  test-pit  impracticable.  This  is  true 
in  all  water-covered  sites,  in  swamps  and  quicksands  and  in  places 
where  there  is  a  great  absence  of  uniformity.  In  many  cases  bor- 
ings are  impracticable,  and  in  any  case  such  examinations  are  only 
qualitative  :  they  give  no  measure  of  resistance  of  the  soil ;  this  the 
pile  does. 

As  to  the  danger  of  continuing  to  drive  a  pile  to  destruction  after 
it  has  been  driven  home,  that  is  most  eminently  a  practical  question 
against  which  no  formula  could  guard,  but  it  is  also  a  matter  of 
observation  and  one  which  the  intelligent  consideration  of  the  rate  of 
progression  of  the  pile  and  of  its  fellows  can  generally  detect. 

But  to  Mr.  Brush's  closing  comment  I  must  take  a  practical  excep- 
tion ;  after  stating  that  often  we  do  not  apply  our  common  sense,  but 
do  apply  a  formula  to  a  condition  which  is  continually  changing,  and 
the  result  is  we  drive  our  jiiles  too  hard  or  not  hard  enough  (which  is 
unquestionably  true,  and  the  fact  is  the  basis  and  the  rnison  d'etre  of  the 
paper  under  discussion),  he  adds,  in  conclusion,  "  our  discussion  has 
been  pursued  on  the  basis  that  we  are  di'iving  through  xmiform  ma- 
terial." The  basis  of  the  discussion,  although  we  may  have  wandered 
from  it,  is  that  we  are  to  drive  through  all  sorts  of  materials  and  in 
many  varying  conditions,  but  desire  to  obtain  consistent  and  uniform 
results.  The  value  and  importance  of  securing  uniform  unit  pressures 
under  buildings  is  conceded  ;  the  principle  the  author  contends  for 
extends  to  pile  foundations,  and  so  far  as  may  be  to  every  pile.  There 
is  no  advantage  in  having  one  portion  of  a  foundation  rigid  if  an  ad- 
jacent portion  is  yielding  ;  on  the  contrary,  if  all  cannot  be  rigid  all 
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had  better  be  uniformly  yielding.  Again,  if  the  necessary  sustentation 
can  be  obtained  without  driving  piles  many  additional  feet  to  "home," 
it  is  costly  and  of  no  advantage  to  continue  the  driving.  With  a  pile 
and  a  ram  and  a  standard  blow  for  comiDarison  and  a  formula,  we  can 
practically  know,  at  least  relatively,  whether  each  -pile  is  capable  of 
performing  its  part  ;  test  pits  will  not  show  this,  nor.  preliminary  bor- 
ings, nor  that  most  uncertain  and  misleading  of  all  instruments,  the 
ordinary  sounding  rod. 

In  Mr.  George  B.  Francis'  very  practical  and  useful  discussion  are 
several  j^oints  which  may  be  briefly  answered. 

In  regard  to  the  very  common  usage  among  pile-drivers  of  keeping 
the  hoisting  rope  attached  to  the  ram  during  the  fall,  it  is  to  be  noted 
that  though  this  unquestionably  modifies  the  fall  through  the  resist- 
ances in  the  winding-drum,  it  does  not  follow  that  the  effect  must  be 
introduced,  as  Mr.  Francis  suggests,  into  the  formula.  The  simjjler 
way  is  to  cast  off  the  rope  when  giving  test  blows  ;  the  pile-driving 
machine  should  always  be  provided  (as  most  of  them  are)  with  both 
friction  drum  and  trij^ping  latch,  so  that  the  hammer  can  be  operated 
in  either  way. 

Kapidity  of  driving  unquestionably  affects  the  amount  of  penetra- 
tion, though  not  perhaps  to  the  extent  of  Mr.  Francis'  simile  (which  he 
says  is  exaggerated)  but  so  far  as  the  formula  is  concerned,  this  con- 
sideration is  always  on  the  safe  side,  and  practically  in  most  cases 
would  not  add  much  to  the  cost  of  the  foundation.  The  case  which 
he  cites  of  the  pile  acquiring  stability  over  night  has  a  direct  bearing 
on  the  question  of  rapidity  of  driving.  It  is  not  always  safe,  however,, 
to  assume  that  the  conditions  will  improve  with  time. 

Mr.  Francis'  poor  opinion  of  the  sounding  rod  as  a  detecter  is  fully 
endorsed,  and  he  correctly  states  the  conclusion  that  bearing  piles 
should  never  do  duty  as  a  retaining  wall. 


CORRECTION. 

Vol.  XXVII,  page  384,  fii*st  line,  insert  after  the  word  '^hardness" 
the  words  ''after  quenching,"  so  that  the  sentence  will  read:  "It  is 
l^roved  beyond  controversy  that  there  is  a  definite  increase  of  hard- 
ness after  quenching  due  to  every  increase  of  temjDerature  from  212" 
Fahr.,"  etc. 

On  third  line  from  bottom  of  page  586  for  "  /  was  an  engineer  "  read 
"i  was  an  enquirer." 
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(Vol,  XXVII.— December.  1892.) 


ERRATA. 


On  page  493  of  the  November  number,  the  following  exijlauatory 
note  should  be  placed  below  the  figures  : 

Note. — The  units  in  this  table  showing  the  defiections  of  the  webs 
of  the  boxes,  A,  B,  C,  etc.,  represent  thirty-seconds  of  an  inch.  Thus 
the  deflection  at  D,  in  experiment  No.  1,  was  -^V  iii- 
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to  the  profession  and  save  money  to  the  community. 

The  highway  question  differs  from  other  branches  of  the  profession, 
more  particularly  in  its  economic  view.     Just  99  9o  of  the  highways  are 

*  Additional  discussions  on  this  paper  received  before  Febraary  15th,  1893,  will  be  pub- 
lished in  a  subsequent  number. 
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had  better  be  uniformly  yielding.     Again,  if  the  necessary  sustentation 


way  is  to  cast  off  the  rope  when  giving  test  blows  ;  the  pile-driving 
machine  should  always  be  provided  (as  most  of  them  are)  with  both 
friction  drum  and  tripping  latch,  so  that  tliA  Tiorrirv^^-  - —  •>-- 
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THE    CONTROVERTED    QUESTIONS    IN    ROAD 
CONSTRUCTION. 


By  James  Owen,  M.  Am.  Soc.  C.  E. 
Read  December  16th,  1892. 


WITH  DISCUSSION.* 


In  view  of  general  agitation  throughout  the  country  for  the  im- 
provement and  betterment  of  existing  highways  and  of  the  seeming 
differences  of  practice  by  engineers  in  the  construction  of  improved 
roads,  it  occurred  to  the  writer  that  a  continuous  experience  of  26 
years  in  such  construction  would  afford  a  basis  for  an  intelligent  dis- 
cussion tending  to  a  crystallization  of  practice  that  would  be  of  benefit 
to  the  profession  and  save  money  to  the  community. 

The  highway  question  differs  from  other  branches  of  the  profession, 
more  particularly  in  its  economic  view.     Just  99  V  of  the  highways  are 

*  Additional  discnssions  on  this  paper  received  before  February  15th,  1893,  will  be  pub- 
lished In  a  subsequent  number. 
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under  municiiDal  control,  which  under  the  present  consensus  of  public 
opinion  means  political  control,  rendering  all  work  done  subject  to  the 
notions  of  the  person  in  authority,  controlled  by  the  party  he  repre- 
sents and  the  varying  views  of  each  individual  of  his  constituency. 
As  every  such  individiial,  whether  in  office  or  not,  firmly  and  stead- 
fastly believes  he  knows  all  about  such  a  simple  question  as  building 
roads,  and  that  an  engineer  is  a  superfluous  luxury  excei3t  perhaps  to  give 
grades,  the  engineer's  first  problem  is  that  of  satisfying  clients  of  his 
own  capability.  The  difficulty  of  doing  so  is  intensely  aggravated  by 
the  liability  of  his  own  plans  and  suggestions  being  criticized  by  other 
members  of  the  profession,  thereby  weakening  his  own  i^osition  and 
giving  chance  for  the  pet,  but  probably  impracticable,  theories  of  those 
in  control  to  have  full  swing,  and,  of  course,  so  much  more  money  is 
wasted. 

Incidental  to  this  municipal  or  political  control,  is  the  fact  that 
there  is  no  question  of  profitable  returns  to  the  investment  of  the 
money,  or  even  of  interest  account,  in  any  shape,  except  so  far  as  taxes 
have  to  be  levied  to  meet  the  interest  on  the  bonds,  if  they  have  been 
issued;  and  in  most  cases  those  spending  the  principal  give  no  thought, 
nor  do  they  have  to,  to  the  necessity  of  raising  money  to  pay  the  inter- 
est. In  this  connection  it  may  be  also  stated  that  those  who  spend 
the  money  for  the  construction  of  roads  have  very  little  to  do  with  their 
maintenance  and  rej)air,  and  are  consequently  not  apt  to  take  any  special 
consideration,  in  the  plans  of  construction,  of  the  effect  of  such  con- 
struction on  the  repair  account  of  the  future. 

It  will  be  seen,  therefore,  that  to  the  engineer  the  road  question  dif- 
fers materially  from  other  professional  practice  in  that  it  is  not  amena- 
ble to  ordinary  business  principles;  in  that  the  expenditure  of  the 
money  is  governed  entirely  by  the  requirements  and  means  of  a  com- 
munity, coupled  with  a  willingness  or  unwillingness  to  furnish  the 
money,  the  ideas  differing  immensely  in  different  localities.  The  en- 
gineer's mission  at  the  present  time  is  to  help  educate  the  nation  at 
large  to  the  necessity  for  good  roads,  to  persuade  the  piiblic  to  furnish 
enough  money  to  do  the  work  properly,  and  then  to  see  that  the  money 
is  judiciously  expended. 

It  may  be  said  here  that  no  branch  of  engineering  literature  is  so 
devoid  of  information  as  that  of  road  construction.  Most  of  the  books 
extant  are  compilations  from  foreign  sources,  and  local  and  climatic 
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conditions  are  considered  to  but  a  small  extent — such  conditions  to 
the  writers  mind  and  in  his  experience  being  very  potent  factors  in 
achieving  successful  results  which  are  too  often  ignored  by  the  ines:- 
perienced  or  careless  engineer. 

Highways,  in  contradistinction  to  city  streets,  may  be  classified 
under  three  heads: 

1.  Those  of  earth  simply. 

2.  Those  made  of  material  delivered  and  spread  in  its  natural  con- 
dition. 

3.  Those  made  artificially  of  material  either  local  or  delivered  from 
a  distance. 

The  first  division  can  hardly  be  considered  a  matter  of  engineer- 
ing importance,  while  the  second  is  governed  so  completely  by  local 
issues  and  necessities  that  no  broad  principles  can  be  laid  down  for 
general  use  or  adoption.  The  most  generally  used  natural  material  for 
road  making  is  gravel.  The  condition  of  gravel  roads  entirely  depends 
on  the  quality  of  gravel  that  is  found  in  the  neighborhood,  but  it  may 
be  stated,  without  contradiction,  that  the  coarser  and  cleaner  the  gravel,, 
the  more  durable  and  solid  will  be  the  road  up  to  reasonable  limits. 
Clean  gravel  stones  up  to  the  size  of  hickory  nuts  with  a  small  amount 
of  sand  intermingled  will  give  satisfactory  results  for  ten  months  in 
the  year,  but  they  are  very  dusty  in  drj^  weather  and  are  liable  to  break 
up  when  frost  is  coming  out  of  the  ground,  but  revert  to  their  usual 
condition  when  settled  weather  comes.  Fine  gravel,  well  rolled,  is 
well  adapted  for  light  travel,  but  is  not  serviceable  for  heavy  loads. 

It  is  not  proposed  to  ignore  the  importance  of  good  gravel  in  road 
improvement,  as  the  contrast  at  the  present  time  between  highways  in 
a  gravelly  country  and  those  in  other  localities  is  a  marked  tribute  to 
the  eflScacy  of  such  a  material  when  used  with  ordinary  intelligence, 
but  the  proportional  area  of  gravel  districts  to  what  may  be  called 
earth  districts  is  so  small  that  it  has  little  effect  on  the  country  at  large. 
There  are  also  excellent  roads  made  with  a  shale  found  in  certain  local- 
ities, but  the  area  is  insignificantly  small. 

The  immense  area  of  the  thickly  settled  portion  of  this  country  may 
be  considered  practically  destitute  of  natural  road  material,  and  in  this 
area  the  expenditure  of  brains  and  money  is  required.  To  create  and 
construct  in  the  next  generation  a  network  of  communication  which 
will  fulfill  the  requirements  of  the  varying  communities  affected  by 
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sucli  improvement  is  the  engineering  problem  before  us,  and  to  do  it 
successfully  is  the  goal  to  be  achieved. 

There  are  a  number  of  points  in  road  construction  that  are  uncon- 
troverted,  and  are  accepted  as  good  practice,  and  to  these  only  a  slight 
allusion  will  be  made,  and  those  points  in  which  the  practice  is  diver- 
gent will  receive  more  particular  attention. 

The  main  question  of  artificial  road  construction  may  be  divided 
into  three  heads: 

1.  Where  there  is  an  amplitude  of  stone  of  any  and  every  kind  with- 
out special  adaptation. 

2.  Where  the  stone  found  by  experience  to  be  the  best  for  the  pur- 
pose exists. 

3.  Where  no  stone  exists. 

The  locality  and  quality  of  stone  found  especially  fitted  for  road 
work  is  of  such  economic  importance  and  so  interwoven  with  other 
issues  that  it  seems  more  desirable  to  allude  to  them,  as  their  import- 
ance will  appear  in  discussing  other  questions  of  construction. 

There  is  one  feature  connected  with  the  general  supply  of  stone 
which  should  be  noted — that  in  mountainous  countries  there  is  j)oor 
farming  land  and  plenty  of  stone,  and  in  alluvial  countries  there  is  rich 
land  and  no  stone,  the  general  law  of  compensation  coming  in  as  usual. 

The  question  of  highways  in  detail  is  now  before  us  and  the  points 
can  be  classified  as  follows: 

1.  Line  and  grades. 

2.  Drainage. 

3.  Material. 

4.  Thickness. 

5.  Size  of  stone. 

6.  Manner  of  construction. 

7.  Repairs. 

The  general  principles  of  lines  and  grades  are  practically  so  well 
established  as  to  require  no  discussion.  The  shortest  line  consistent 
with  the  easiest  grade  sums  that  point  up  in  a  few  words. 

As  to  minima  and  maxima  grades,  location  and  money  govern  these 
points  largely,  assuming,  as  does  the  writer,  that  in  establishing  an 
ideal  grade  of  1^^,  any  departure  therefrom  is  to  a  certain  extent  to  be 
resisted.  A  grade  of  1%  gives  ample  fall  for  water,  and  consequently 
proper  drainage,  and  practically  entails  a  very  small  percentage  of 
extra  dutv  on  a  horse. 
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Tlie  minimum  grade  should  never  be  less  than  6  ins.  in  100  ft. ,  less 
than  that  debarring  proper  flow  of  water;  the  maximum  grade  for 
ordinary  country  and  general  travel  should  be  4°o,  which  is  the  limit 
of  an  ordinary  trotting  gait.  On  steeper  grades  a  horse  practically 
comes  to  a  walk;  grades  up  to  10%^  in  mountainous  country  are 
permissible,  steej)er  grades  than  that  are  not  economical  and  are  bad 
engineering. 

It  should  be  understood  that  in  all  cases  the  center  of  the  road 
should  have  a  gi'ade,  thereby  avoiding  any  possibility  of  a  roadbed 
that  is  in  fairly  good  condition  harboring  standing  water;  and,  if  pos- 
sible, all  gutters  should  have  a  sufficient  fall  besides.  The  ideal  pict- 
ure extant  in  road  treatises,  showing  cross  sections  of  Telford  and 
Macadam  roads  with  large  ditches  on  each  side  half  full  of  water,  is 
something  every  professional  tyro  should  avoid,  and  is  only  permis- 
sible, on  very  rare  occasions,  in  very  flat  country;  and  as  very  little 
of  the  earth  is  flat,  the  insertion  of  such  a  drawing  as  a  standard  type 
of  road  construction  should  be  eliminated  from  the  next  text  book 
issued  on  the  subject. 

Incidental  to  the  grade  of  a  road  and  dependent  thereon  is  the  crown- 
ing. As  the  width  of  construction  of  the  highways  at  large  through 
the  country,  will  run  from  12  to  16  ft.,  occasionally  to  20  ft.,  and  in 
isolated  cases  to  30  ft.,  it  will  be  seen  that  most  of  the  travel  will  be 
in  the  center  and  consequently  most  of  the  wear  will  be  there  also. 
As  a  road  is  only  new  occasionally  (that  is,  when  it  is  built  or  when  it 
is  repaired),  an  average  cro^sTi  has  to  be  assumed  and  allowance  made 
to  acquire  such  an  average. 

In  a  16-ft.  roadway  an  average  crown  of  4  ins.  is  desirable;  to  get 
this,  an  extra  allowance  of  1^  to  2  ins.  should  be  made  in  construction, 
and  probably  1  in.  in  repairs.  If  the  grade  of  the  road  is  steeper  than 
5%,  this  crowning  should  be  increased  at  least  1  in.  to  prevent  the 
water  from  running  in  the  center  of  the  road  and  washing  the  material 
away. 

These  statements,  relative  to  grade  and  cro-wning,  can  hardly  be  con- 
sidered as  controverted  questions,  but  variations  from  them  have 
come  under  the  writer's  observation,  and  these  variations  were  of 
marked  degree.  One  object  of  grade  and  crowning  is  to  give  proper 
shed  for  the  surface  water,  and  it  is  necessary  at  all  times  that  proper 
and  complete  provision  be  made  for  thorough  and  perfect  drainage  of 
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this  water  from  the  roadway;  this,  as  well  as  the  necessity  of  under- 
drainage  in  certain  sijecified  localities,  either  by  pipes  or  blind  drains, 
admits  of  no  dispute  when  the  fact  is  remembered  that  one  dollar  spent 
judiciously  in  underdrainage  will  save  many  dollars  as  a  capitalized 
fund  to  meet  the  expense  of  repairing  badly  drained  sections  of  road. 

Before  leaving  the  drainage  question  entirely,  allusion  should  be 
made  to  that  arch  enemy  of  highway  construction,  viz.,  frost.  The 
most  palpable  effects  of  bad  construction  are  at  that  most  interesting 
period  of  the  road  engineer's  yearly  life — when  frost  is  coming  out. 
At  this  period  any  defects  of  drainage,  as  well  as  many  defects  of  other 
tinds,  are  made  more  glaring,  and  the  effect  of  frost's  silent  but  insi- 
dious efforts  practically  concentrate  the  engineer's  combative  energies, 
and  in  vanquishing  this  trouble  all  other  difficulties  appear  trivial. 
The  writer's  opinion  is  that,  in  the  contest  between  Macadam  and 
Telford,  as  to  the  relative  superiority  of  their  respective  methods  of 
road  construction,  a  steady  winter's  frost  penetrating  the  ground  to  a 
depth  of  4  ft. ,  and  then  coming  out  with  a  rush,  would  have  settled 
the  question  for  all  time,  and  left  Mr.  Macadam  practically  nowhere. 
In  England,  where  this  controversy  took  place,  frosts  are  practically 
unknown,  and  road  experience  in  such  a  climate  is  worthless  here. 

Leaving  the  drainage  question,  the  next  subject  is  that  of  ma- 
terial, and  here  the  field  of  controversy  widens  and  opens.  It  may 
be  proper  to  state  at  once  that,  in  a  sense,  the  writer's  experience  in 
proper  road  materials  is  to  some  extent  limited.  Having,  by  good 
fortune,  at  his  command  the  best  possible  material  for  road  purposes, 
he  has  felt  reluctant,  and  is  reluctant,  to  venture  into  the  unknown  in 
haste,  and  then  repent  at  leisure. 

The  qualifications  of  the  different  rocks  for  road  construction  de- 
pend, first,  on  their  proposed  use — whether  for  the  top  wearing  sur- 
face, or  for  foundation — and,  secondly,  on  their  natural  fitness  for  the 
duty  imposed  upon  them. 

At  this  point  it  may  be  also  proper  to  interject  an  idea  that  will 
materially  govern  the  whole  question  of  road  construction  throughout 
the  country,  and  on  the  appreciation  of  this  idea  depends  the  success 
of  all  road  efforts.  To  the  community  at  large,  there  are  two  concep- 
tions of  roads;  one,  the  ideal  road,  if  we  may  so  call  it,  with  a  smooth 
surface  capable  of  carrying  all  the  loads  put  upon  it,  and  in  good 
condition  all  the  time;  and  the  practical  idea,  which  is  entertained  by 
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.a  very  large  projjortion  of  the  people,  especially  in  farming  communi- 
ties, and  which  may  be  expressed  by  the  words  "good  enough."  Most 
engineers  know  what  this  expression  means,  and,  in  the  writer's 
opinion,  these  two  words  are  the  bane  of  the  profession.  "Good 
enough  "  roads  may  be  made  to  enable  the  farmer  to  carry  his  pro- 
duce to  market  in  wet  weather  without  being  mired  in  the  fall  or 
breaking  down  in  the  spring;  but,  professionally,  such  work  is  not 
engineering,  nor  would  it  probably  be  endorsed  by  the  profession. 
Many  engineers  are  nevertheless  taking  such  a  course,  and  the  writer 
believes  conscientiously.  "Good  enough"  roads  require  "good 
enough  "  repairs,  and  jsrobably  will  not  get  them;  and  therefore  the 
writer  proj^oses,  as  much  as  possible,  to  eliminate  this  class  of  roads 
from  consideration. 

Eeturning  to  the  rock  question,  we  will  consider  first,  the  duties 
imposed  upon  the  rock  when  used  for  the  foundation  to  support  the 
wearing  surface,  and  then  the  wearing  surface  itself. 

Any  good  hard  rock,  capable  of  resisting  frost  and  of  irregular 
shape  {i.  e.,  not  round),  may  be  used  in  foundations;  hard  stone  is 
better  than  sedimentary  rock,  but  a  case  of  any  good  material  being 
crushed  or  broken  in  a  foundation,  by  any  load  being  placed  upon  it, 
has  yet  to  be  observed.  To  the  writer's  mind  this  is  an  important 
point  gained,  as,  in  the  interest  of  economy,  the  use  of  any  available 
stone  will  be  of  paramount  importance.  For  the  wearing  surface, 
whether  it  has  a  foundation  under  it  or  not,  the  selection  of  available 
material  is  much  more  limited,  more  open  to  controversy  and  affords 
a  growing  field  for  the  si^eculator  and  enterprising  business  man  own- 
ing a  quarry,  to  work  his  stone  on  the  market,  be  it  good,  bad  or  in- 
different. As  all  material  used  for  wearing  surface  is  crushed  or 
broken,  it  has  received  the  generic  name  of  broken  stone,  and  it  wdll 
be  so  entitled  here. 

Broken  stone  is  composed  of  igneous,  metamorphic  and  sedimen- 
tary rocks  (using  the  old  nomenclature),  and  their  relative  value  is 
probably  in  the  order  classified.  The  rocks  usually  used  are  trap, 
syenite,  granite,  occasionally  gneiss  and  the  difi"erent  formations  of 
hard  limestone.  The  varying  use  of  these  rocks  in  different  localities 
should  depend  entirely  on  the  question  of  money ;  taking  a  broad  view 
of  this  question,  the  writer  would  say  that  it  would  be  more  economi- 
cal to  haul  trap  rock  300  miles  by  rail  than  to  use  granite  or  limestone 
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found  at  site  ;  to  haul  granite  200  miles  rather  than  to  use  lime- 
stone ;  and  that  limestone  is  only  economical  or  desirable  in  the 
locality  in  which  it  occurs.  Water  carriage,  of  course,  would  disturb 
this  ratio  somewhat,  but  this  statement  gives  his  idea  of  their  relative 
value;  note  should  be  made  that  the  largest  item  of  cost  in  trans- 
portation is  the  small  haul  by  wagon. 

The  variations  of  the  texture  of  the  trap  rock  itself  are  also  perti- 
nent in  an  economic  view.  With  a  plethora  of  such  material  the 
writer  has  selected  the  close-grained  basaltic  trap  to  the  exclusion  of 
the  coarse-grained  ledge  trap,  having  found  that  the  wearing  qualities 
of  the  former  exceed  those  of  the  latter  in  the  proportion  of  about  100 
to  80.  Syenitic  rocks,  in  his  exj^erience,  have  not  been  much  used, 
and  information  on  that  point  would  be  of  use. 

The  availability  of  granite  dejjends  upon  the  amount  of  mica  it 
contains  ;  the  more  mica  there  is  in  it,  the  less  are  its  wearing  qualities, 
and  gneiss  should  be  debarred  entirely. 

The  success  of  the  hard  limestone  in  many  localities  is  due,  in  the 
writer's  opinion,  to  its  comparison,  not  with  harder  and  better  rocks, 
but  with  the  aboriginal  mud  ;  a  well-constructed  road  of  limestone 
being  so  superior  to  a  mud  road  as  almost  to  prevent  comparison; 
but  when  compared  with  roads  of  hard  igneous  rock,  limestone  roads 
are  deficient  in  durability,  are  dusty  in  dry  weather  and  muddy  in 
wet. 

At  this  point  it  may  not  be  out  of  place  to  allude  to  a  difficulty  the 
engineer  is  likely  to  encounter  in  the  selection  of  his  crushed  stone. 
The  general  increase  in  road  construction  has  created  such  a  demand 
for  broken  stone  as  practically  to  form  a  business  in  that  commodity  ; 
a  business  that  is  handled  in  a  business  manner,  and  pushed  with  the 
usual  business  vim  and  snap.  Drummers  are  scouring  the  country 
working  up  this  or  that  kind  of  stone,  and,  before  he  knows  it,  the 
engineer  finds  that  the  authorities,  to  whom  he  is  to  give  advice, 
have  practically  made  uj)  their  minds  what  stone  they  will  have 
before  he  himself  has  come  to  any  conclusion.  A  case  in  point 
occurred  to  the  writer  quite  recently,  in  a  town  not  five  miles  from  a 
trap-rock  quarry,  where,  on  submitting  specifications  for  a  system  of 
roads  to  the  council,  he  was  faced  with  a  sentiment,  almost  of  the 
majority,  in  favor  of  using  limestone  from  a  quarry  120  miles  away, 
and  only  by  his  positive  refusal  to  have  anything  to  do  with  such  a 
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proceeding  was  such  action  avoided.  Tliis  sentiment  had  been 
judiciously  worked  up  by  an  enterprising  agent,  and  shows  the  ex- 
treme importance  of  having  the  road  jjractice  settled  in  an  engineer- 
ing view.  The  vast  area  of  this  country  and  its  various  geographical 
formations  will  undoubtedly  open  up  new  scenes  of  industry  in  stone 
crushing,  but  it  would  be  well  to  avoid,  as  much  as  possible,  the 
expense  of  trial  and  error,  and  so  save  the  vast  sums  wasted  in  such 
experiments. 

We  now  come  to  the  question  of  the  thickness  of  roads,  and  inci- 
dental to  that  is  the  form  of  construction  ;  for  it  is  to  be  presumed  that 
a  thick  pavement  would,  in  the  interests  of  economy,  be  constructed 
with  a  foundation  and  a  thin  pavement  of  broken  stone  alone.  The 
statement  might  as  well  be  made  here  that  the  writer  is  unqualifiedly 
in  favor  of  thick  pavements  with  a  foundation,  and  opposed  to  thin 
pavements  of  broken  stone.  His  early  experience  having  been  entirely 
with  Telford  jjavement  he  might  be  accused  of  prejudice,  but  since  the 
controversy  on  the  question  that  occurred  about  three  years  ago  he  has 
built  miles  of  thin  pavements,  and  the  result  of  his  exjierience  in  such 
work  is  that  he  will  sin  no  more. 

Historical  reminiscences  in  the  road  problem  are  probably  not  in 
order,  but  many  years  ago  the  question  of  thick  or  thin  pavements  was 
hotly  discussed  by  the  respective  advocates  of  the  two  systems.  Mac- 
adam and  Telford,  and  the  contest  has  been  hotly  continued  since  that 
time. 

As  has  been  stated,  varying  climatic  conditions  enter  into  the  ques- 
tion which  render  nugatory  jjrevious  exi^erience  in  foreign  counti-ies, 
and  the  road  construction  in  the  United  States  will  have  to  be  under- 
taken from  experience  derived  from  its  climate  and  soil  and  their 
peculiar  requirements  and  exigencies.  It  is  proper  to  concede  at  once, 
that  in  districts  where  the  soil  is  gravelly  or  sandy,  thin  Macadam 
roads  may  be  used  with  success  and  economy.  The  City  of  Bridgeport, 
Conn.,  is  a  striking  example  of  this.  Better  roads  or  streets  in  any 
community  would  be  hard  to  find,  and  it  afforded  the  writer  great 
pleasure  in  insijecting  those  streets  to  note  their  condition.  The 
area  of  gravel  or  sandy  formation  in  the  whole  country  is,  however, 
necessarily  limited,  and  a  practice  that  is  a  success  with  such  a  soil 
would  be  at  least  open  to  criticism  in  the  bottomless  mud  of  the  Ohio 
Valley. 
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All  that  section  of  the  United  States  south  of  an  isothermal  line  (if 
one  could  be  constructed),  with  the  limit  of  frost  entering  the  ground 
to  a  depth  of  8  ins. ,  might  be  considered  a  fair  field  for  thin  pave- 
ments, subject,  of  course,  in  such  localities,  to  the  possibility  and 
necessity  of  good  drainage,  as  well  as  a  systematic  comparison  of  the 
cost  of  said  drainage  as  against  the  increased  cost  of  the  insertion  of 
the  pavement.  In  all  mountainous  countries  necessitating  grades  of 
over  4:%,  thin  pavements  can  be  judiciously  used;  but  as  in  such  dis- 
tricts the  prevalence  of  stone  immediately  at  hand  would  probably 
oflfset  such  a  requirement,  it  would  be  more  economical  to  build  a 
thick  road  with  a  foundation  of  local  stone  than  to  haul  broken  stone 
from  a  distance. 

Eliminating  these  three  localities  from  the  question,  we  have  the 
vast  area  left  of  the  best  farming  country  on  the  continent,  more  par- 
ticularly requiring  good  roads  for  the  transportation  of  their  produce ; 
and  in  constructing  such  roads,  to  the  writer's  mind,  a  foundation  is  a 
necessity. 

In  the  writer's  early  experience  he  built  roads  16  ins.  thick,  then 
reduced  them  to  12,  and  is  now  for  ordinary  country  roads  building 
them  8  ins. ,  with  good  economical  results  ;  the  surface  is  uniformly 
good,  ruts  are  rare,  and  the  question  of  breaking  up  by  frost  never 
arises,  as  such  a  thing  never  occurs.  All  these  roads  were  built  A^th 
foundations  of  reasonably  square  stone,  firmly  and  carefully  wedged, 
special  imjiortance  being  attached  to  complete  and  proper  wedging. 

It  should  be  understood  that  the  idea  of  a  pavement  should  be  main- 
tained in  these  roads  built  with  foundations,  the  stone  should  be  laid 
as  close  as  possible  by  hand,  and  chij^s  driven  in  and  wedged  on  toj^, 
thus  practically,  with  the  crown  of  the  road,  making  an  arch,  and  im- 
mediately distributing  any  excessive  load  occurring  on  one  stone  to  its 
neighbor,  and  completely  obviating  any  settlement.  Incidentally, 
also,  the  foundation  stones  act  as  a  drain  for  the  water,  and  such  an 
efi'ect  does  this  have  on  the  permanent  condition  of  roads  that  the 
writer  has  now  adopted  the  practice  of  making  the  thickness  of  roads 
dependent  on  grades  and  adopted  this  rule  :  grades  less  than  l^'o  ?  10 
ins. ;  between  l"o  and  5,"(,',  8  ins.,  both  with  foundations:  over  5/o,  6  ins. 
of  broken  stone. 

In  a  system  of  10  miles  in  one  township,  constructed  on  such  a  basis, 
no  failure  of  any  kind  has  occurred  and  no  repairs  of  moment  in  a 
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period  of  three  rears  have  been  made,  and  the  roads  are  in  as  good  con- 
dition as  when  thev  left  the  contractor's  hands.  In  another  town  in 
which  the  writer  is  laving  another  system  of  roads,  he  has  eliminated 
the  10-in.  thickness,  building  them  only  8  and  6  ins. ,  but  as  they  are 
not  yet  complete,  no  results  can  be  noted. 

It  must  be  boi-ne  in  mind  that  these  roads  have  been  constructed 
on  as  bad  a  natural  soil  as  probably  can  be  found  in  the  country. 
The  New  Jersey  red  sandstone  district  used  to  be,  and  in  neglected 
jjortions  of  it  now  is,  proverbial  for  the  wretchedness  of  its  roads, 
which  are  dusty  and  rutty  in  dry,  and  almost  impassable  in  wet, 
weather  and  in  the  sj^ring.  It  will  be  therefore  probably  safe  to 
assume  that  any  practice  successful  in  such  a  section  would  be  suc- 
cessful in  any  other  part  of  the  United  States. 

Having  established  the  satisfactory  results  in  the  construction  of 
roads  on  the  above  basis,  let  us  look  at  results  in  another  direction, 
and  to  the  writer  they  were  close  at  hand. 

As  has  been  stated,  the  writer  made  an  attempt  at  the  construction 
of  4-in.  roads,  and  after  two  years'  trial  gave  it  up;  in  one  case  had 
to  give  it  up,  as  his  work  was  not  considered  satisfactory,  and  another 
and  more  enthusiastic  engineer  is  making  the  same  attempt.  The 
result  found  in  the  construction  of  these  4-in.  roads  was  entirely  in 
accord  with  his  previous  practice;  those  on  steep  grades  stood  very 
satisfactorily,  but  in  flat  grades  they  rutted  badly  in  the  critical  period 
of  frost,  parts  of  the  4-in.  pavement  disappeared  and  the  result  was  a 
permanent  defect  in  the  road  or  an  immediate  necessity  for  rei^airs, 
both  of  which  are,  in  a  professional  view  of  the  matter,  qiiite  imi^roi^er. 
In  an  adjoining  county  the  exclusive  iiractice  has  been  to  build  4-in. 
roads,  the  idea  starting,  probably,  from  the  fact  that  a  large  city  of  the 
county  situated  on  a  gravelly  bed  had  used  4-in.  roads  for  a  number  of 
years  with  success.  This  practice,  having  been  extended  throughout 
the  entire  county,  gave  very  satisfactory  results  for  about  three  years, 
and  enabled  a  large  extent  of  country  to  be  supplied  with  good  roads  at 
a  very  moderate  cost,  and  the  taxjjayers  and  officials  were  correspond- 
ingly elated.  A  severe  winter  spell,  such  as  had  not  appeared  during 
this  i^eriod  of  three  years,  and  lasting  for  about  a  month,  dealt  a  rude 
blow  to  their  satisfaction,  and  i^layed  havoc  at  the  same  time  with  the 
roads.  Being  interested  in  the  matter,  the  writer  inspected  the  condi- 
tion of  these  roads  and  counted  42  places  in  a  distance  of  Ij  miles 
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wliere  the  pavement  had  blown  up  and  the  virgin  red  soil  was  protrud- 
ing on  top,  and  in  one  section  of  road,  built  only  the  fall  jjrevious,  a 
length  of  least  a  quarter  of  a  mile  had  been  abandoned  by  travel  which 
had  reverted  to  the  original  mud  as  the  easier  method  of  progression. 

With  these  facts  staring  him  in  the  face  the  writer  may  be  pardoned 
for  being  j)rejudiced  in  favor  of  thicker  roads  with  foundations.  It  is 
proper,  however,  just  here  to  make  an  allusion  to  the  money  question 
of  this  problem  which  is  inherent  in  all  road  improvements,  and  that 
is  the  construction  of  these  thin  roads  enabled  a  much  larger  extent 
of  territory  and  population  to  be  accommodated  with  an  immediate 
improvement  of  roads  than  would  have  been  done  with  a  more  costly 
construction.  The  repair  of  the  failures  noted  above  was  soon  accom- 
plished, a  good  road  is  still  there,  and  probably  will  be  maintained. 
In  the  end,  of  course,  there  will  have  been  a  much  larger  expenditure 
of  money;  the  community,  however,  will  then  be  educated  to  the  fact 
that  repairs  are  a  necessity  and  must  be  provided  for,  and  as  a  result 
they  will  be  provided  for,  the  question  of  comparative  cost  not  enter- 
ing into  the  question. 

In  another  adjoining  county,  where  a  large  amount  of  money  was 
expended  in  constructing  good  roads  with  foundations  of  ample  depth, 
the  question  of  repairs  not  being  apparent,  no  money  has  been  raised 
at  all  for  that  purpose,  and  the  final  result  bids  fair  to  be  worse  than 
that  of  the  coiinty  building  thin  roads.  In  the  writer's  experience, 
it  is  more  difficult  to  educate  a  community  to  the  necessity  of  rejjairs 
than  it  is  to  the  necessities  of  construction;  the  average  condition  of 
our  city  streets  corroborates  this  to  a  marked  degree,  and  it  will  be  also 
noted  that  ordinary  business  practices  and  precepts  do  not  enter  into 
the  question  of  road  construction.  These  remarks  on  the  thickness  of 
pavements  are  offered  as  a  guide  to  engineers  in  their  practice;  no  cast- 
iron  rule  can  be  enforced,  and  inherent  good  judgment  based  on  expe- 
rience and  the  appreciation  of  facts  is  all  that  the  most  exacting  can 
demand. 

The  next  subject  on  which  there  seems  to  be  a  great  diversity  of 
practice  and  opinion  is  that  of  the  size  of  the  broken  stone  used,  and  to 
the  writer  it  has  been  a  subject  of  much  trouble  and  vexation.  By  a 
process  of  natural  selection,  if  it  may  be  so  called,  the  size  most  ser- 
viceable and  giving  the  smoothest  roadway  has  been  fixed  at  1^  to 
1|  ins.,  and  in  the  section  of  the  writer's  operations  such  a  size  is  in 
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Tiniversal  use,  without  comment  or  criticism;  the  crackers  are  all 
adjusted  for  such  a  delivery  and  it  comes  as  a  matter  of  course.  Un- 
doubtedly this  is  the  best  size  for  the  service  required,  and  any  varia- 
tion from  it  means  with  larger  stone  a  rougher  road,  and  with  smaller 
stone  quicker  renewals. 

It  is  important  also  that  the  uniformity  of  size  should  be  pre- 
served and  the  smaller  and  larger  stone  entirely  eliminated.  The 
success  of  the  New  Jersey  roads,,  to  the  writer's  mind,  is,  to  a  large 
extent,  due  to  this  point.  He  finds,  however,  that  when  stone  is  deliv- 
ered from  the  Trap  Rock  Quarries  on  the  Hudson  Eiver  there  is  great 
difficulty  in  getting  stone  of  the  size  required.  Anything  from  J  in. 
to  3  in.  is  promiscuously  dumped  on  the  pile  and  delivered  as  broken 
stone,  undoubtedly  in  accord  with  the  requirements  of  the  market 
^•hich  they  especially  provide.  The  ^Titer's  observations  in  the  rejjairs 
of  Telford  pavements  in  a  metroijolitan  city,  show  that  the  necessity 
for  uniformity  of  the  size  of  broken  stone  is  not  appreciated,  and 
consequently  a  marked  inferiority  in  the  traveling  surface  of  the  road 
is  noted.  It  should  be  remembered  as  an  axiom,  that  the  one  and  only 
requisite  of  any  pavement  is  a  smooth,  clean  surface  at  all  times;  and 
that  the  pavement  affording  this  with  the  least  money  is  the  desider- 
atum of  the  hour.  The  indiscriminate  depositing  of  a  mass  of  broken 
stone  varying  from  4  ins.  to  1  in.  never  can,  and  never  will,  approach 
the  requisite  alluded  to  above. 

Here  the  money  question  enters  again ;  no  stone-breaker  has  yet 
been  constructed,  and  probably  never  ^dll  be,  to  deliver  Ij-in.  stone 
and  nothing  else.  In  the  ■s\Titer's  early  youthful  desire  to  get  the  most 
for  somebody  else's  money,  he  drew  a  sj^ecification  requiring  4  ins.  of  1^- 
in.  broken  stone  to  be  spread  on  the  foundation ;  the  attempt  to  get 
this  would  have  brought  grey  hairs  to  an  older  man.  There  appeared 
an  inordinate  quantity  of  chips,  spread  on  the  foundation,  osten- 
sibly for  wedging  it,  but,  as  the  wedging  capacity  of  a  foundation  is 
limited,  the  chips  seemed  destined  to  serve  another  purpose.  The 
specification  was,  therefore,  amended,  and  2  ins.  of  2-in.  to  2^ -in. 
stone  was  called  for,  on  which  basis  the  writer  was  enabled  to  get 
along  comfortably  and  have  what  he  wanted.  The  writer  still  clings 
to  his  original  idea  that  the  proper  construction  of  the  road  was  to 
put  the  4  ins.  of  1^-in.  broken  stone  and  let  the  4  ins.  wear  out,  and, 
when  worn  out,  put  4  ins.  more  on ;  as  it  is  now,  when  the  2  ins.   of 
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Ij-in.  stone  is  worn  away,  an  ideal  requirement  would  necessitate  the 
renewal  of  the  2  ins.  of  Ij-in.  stone,  and  in  many  roads  under  his 
care  this  has  been  done.  The  result  is  that  the  course  of  2  J -in.  stone  is 
dead  capital  Avasted,  yielding  no  return;  on  a  heavily  traveled  road 
the  defect  is  not  so  apparent,  and  the  whole  covering  of  broken  stone 
can  be  worn  out  before  renewal.  A  question  here  naturally  arises, 
how  far  a  4-in.  pavement,  without  foundation,  can  be  worn  without 
renewal ;  4  ins.  may  do,  3  ins.  is  questionable,  and  2  ins.  not  to  be 
considered  ;  it  suggests  to  the  writer  the  parallel  instance  in  the  plank- 
ing of  bridges,  3  ins.  originally,  with  1^-in.  wear,  leaving  1^-in.  net 
which  is  without  strength  ;  so  he  now  uses  in  his  practice  5-in.  jDlanking, 
reducing  the  percentage  of  waste  to  its  lowest  point. 

A  recently  erected  plant  on  the  Hudson  Eiver,  which  was  sui3i50sed 
to  embody  all  the  modern  improvements,  was  examined  by  the  writer 
to  find  out  why  the  3-in.  spawls  would  still  appear  in  the  stone  that 
had  passed  through  an  Ij-in.  screen,  and  furnishes  a  curious  instance 
of  the  method  of  supplying  the  requirements  of  business  in  broken 
stone.  It  was  found  that  the  tailings  were  judiciously  run  up  an 
elevation  and  run  into  the  IJ-in.  bin,  and  it  was  necessary  to  have  the 
whole  village  in  an  uproar,  the  Mayor  and  Council  passing  resolutions, 
and  the  press  indulging  in  unlimited  liberty  for  two  months,  before 
those  tailings  stopped  getting  into  that  bin.  This  is  only  alluded  to 
to  show  the  diflBculty  an  engineer  has  in  opposing  an  accepted  practice, 
or  indiilging  in  ideas  of  construction  that  are  really  extravagant,  even 
though  he  may  incidentally  get  what  he  individually  wants. 

The  use  of  screenings  is  so  incidental  in  the  construction,  and  tem- 
porary in  its  effect,  that  nothing  but  a  passing  alhision  to  it  is  necessary ; 
more  proj^erly  it  is  an  item  of  construction  rather  than  of  repairs. 

This  brings  us  to  the  question  of  the  details  of  constrixction,  and 
here  another  point  of  controversy  is  reached. 

The  items  forming  the  procedure  of  construction  are  : 
Stone. 
Labor. 
Packing. 
Rolling. 

As  in  the  construction  of  a  road  these  items  are  indiscriminately 
intermingled,  the  better  course  probably  would  be  for  the  writer  to 
follow  out  the  plans  he  usually  adopts,  and  note  its  variations  from 
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other  accepted  practice.  It  is  agreed  on  all  sides  that  the  roadbed 
should  be  gi-aded  to  a  surface  uniform  with  the  finished  roadway.  On 
this,  in  his  practice,  is  laid  the  foundation,  without  rolling,  as  he  pre- 
fers to  adjust  the  bed  to  the  varying  depth  of  stone,  by  digging  it  out 
if  necessary,  for  the  stones,  rather  than  to  break  off  the  stone  on  top 
to  fit  the  pavement ;  in  thin  pavements  it  is  universal  to  roll  the  road- 
bed before  the  broken  stone  is  put  on,  and  Avith  this  practice  he  is  in 
accord ;  but  it  is  also  almost  universal  to  roll  the  bed  for  a  Telford 
pavement,  to  which  practice,  after  trying  and  abandoning  it,  he  de- 
murs. 

In  laying  granite  blocks,  if  any  unevenness  in  depth  appears,  the 
adjustment  is  made  by  scooping  out  the  sand  at  the  bottom,  and  the 
same  principle  applies  to  the  Telford  pavement ;  if  the  earth  bed  is 
rolled  solidly  before  the  blocks  are  laid,  the  stones  are  prevented  from 
discovering  their  proper  bed  till  at  such  time  as  it  becomes  com- 
pletely saturated  and  yielding,  a  contingency  that  always  occurs,  but 
perhaps  not  for  months  after  the  road  is  completed,  and  then  it  is  to 
the  detriment  of  the  stability  of  the  pavement.  After  the  foundation 
is  laid  and  wedged,  according  to  the  accepted  practice  alluded  to 
before,  a  coating  of  loam,  or  clay,  is  jilaced  therein  to  the  thickness 
of  about  i  in.  to  J  in.  This  is  merely  jjut  there  to  prevent  the  spawls 
working  up  and  mixing  with  the  smaller  broken  stone  above,  which 
they  will  surely  do  unless  great  care  is  taken  in  rolling,  which  costs 
money,  and  it  is  more  economical  to  use  the  j^acking. 

The  controversy  on  the  use  of  packing  has  been  endless  and  unlimited. 
In  the  writer's  earlier  experience  all  the  roads  were  built  of  clean 
stone,  and  no  packing  was  used  except  such  as  the  contractor  dragged 
in  in  the  prosecution  of  his  work,  and  he  dragged  in  all  he  could  ; 
with  considerable  watchfulness  and  fighting  clean  stone  roads  were 
built.  The  writer  found,  however,  in  comparison  with  roads  built 
Avith  packing,  that  he  was  at  a  disadvantage,  and  so,  after  a  time, 
adopted  the  use  of  packing,  and  still  adheres  to  it.  It  was  a  long  task 
to  educate  the  community  to  the  acceptance  of  packing  in  the  roads, 
but  with  the  adoption  of  the  idea  that  they  got  theii-  stone  with  the 
packing,  instead  of  getting  the  packing  in  place  of  stone,  and  the  in- 
stillment  of  this  idea  into  the  contractor's  mind  (he  viewing  it  in  the 
light  of  dollars  and  cents)  the  packing  question  is  so  entirely  elimi- 
nated from  the  controversy  as  to  cease  to  be  even  a  thought.     Packing, 
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however,  is  a  treacherous  material ;  too  mxicli  of  it  will  ruin  a  road 
for  all  time,  and  the  use  of  it  can  only  be  acquired  by  experience  ;  the 
qualities  of  the  material,  the  jsresent  and  future  condition  of  the 
weather,  all  entering  as  factors  in  its  use,  and  requiring  good  judg- 
ment of  the  engineer  and  contractor,  and  more  especially  a  good 
spreader,  for  uniform  and  j^roper  spreading  is  the  great  secret  of  the 
successful  use  of  packing. 

Many  years  after  the  use  of  jjacking  was  accejited  with  us,  neigh- 
boring communities  were  in  strenuous  conflict  as  to  the  advisability  of 
its  use,  and,  if  the  writer  is  not  mistaken,  the  Legislature  of  New  York 
has  passed  a  law  jjrohibiting  its  use  in  a  certain  county  of  the  State  ; 
with  equal  good  sense  a  law  might  be  jiassed  insisting  on  special 
treatment  for  biliousness  by  doctors.  Satisfied  with  the  use  of  pack- 
ing, we  will  now  proceed  with  the  construction  of  our  road. 

After  placing  our  packing  on  the  foundation,  let  it  be  rolled  to  a 
uniform  surface,  on  which  place  and  spread  broken  stone  of  the 
required  size  and  thickness  ;  let  this  be  continually  and  repeatedly 
rolled  till  it  is  as  thoroughly  consolidated  as  it  can  be  by  a  roller ;  on 
this  place  another  thin  coating  of  packing,  which  should  be  rolled  also. 
It  is  better  at  this  stage  to  roll  the  broken  stone  and  j^acking  at  the 
same  time,  working  the  roller  backwards  and  forwards  over  each, 
and,  if  jjossible,  inviting  the  travel  on  the  surface  at  once  ;  this  travel, 
of  necessity,  causes  ruts,  but  the  roller  soon  works  them  out,  and  the 
more  ruts  that  are  caused  by  travel  before  the  roller  leaves  the  work, 
the  more  thoroughly  homogeneous  will  the  wearing  surface  be.  After 
this,  let  the  travel  have  full  scope  on  the  road,  and  after  the  contingency 
of  surface  ruts  is  eliminated,  spread  the  screenings  and  roll  them  down 
thoroughly. 

Another  point  of  controversy  is  the  question  of  rolling. 

The  rolling  of  a  road  is  unquestionably  conceded  as  a  necessity  of 
construction  and  repairs,  and  the  writer  would  be  loth  to  gainsay  it; 
but  notwithstanding  his  acquiescence  thereto,  he  is  satisfied  that  no 
amount  of  rolling  per  se  will  ever  succeed  in  making  that  great  desider- 
atum of  road  construction — a  homogeneous  mass  of  broken  stone — as 
well  as  the  wheel  travel  itself  will  do.  To  that  end  he  uses  the  roller 
as  an  adjunct  to  invite  the  wheel  travel  to  do  its  work,  and  not  to  finish 
the  road  ready  and  complete  for  the  travel  itself;  this,  of  course,  applies 
more  particularly  to  repair  of  roads,  but  as  the  construction  of  a  road 
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is  incidental,  and  the  repair  is  perennial,  the  practice  in  repairs  is 
more  important  than  the  mere  item  of  construction. 

The  writer  must  again  revert  to  his  early  experience  and  state  that, 
in  common  ■ndth  the  practice  of  twenty  years  ago,  he  then  inserted 
a  clause  in  his  sj^eciflcations  requiring  a  steam-roller;  subsequently  he 
eliminated  this  clause  and  has  as  yet  seen  no  cause  to  revert  to  it.  The 
only  advantage  that  can  possibly  be  urged  for  a  steam-roller  is  that  the 
work  can  be  done  cheaj^er  by  steam  than  by  horse  power;  in  his  speci- 
fication, however,  he  has  never  debarred  a  steam-roller,  yet  after  the 
specific  requirement  had  been  removed,  no  steam-roller  was  ever  used, 
even  though  the  contractor  had  one  housed  and  ready  for  use.  This, 
seemingly,  would  dispose  of  the  economic  view  of  the  roller  question, 
but  there  are  other  views  requiring  dissemination.  Considering  a  bulk 
of  broken  stone  as  a  mass  of  wedges,  it  is  a  well-known  principle  that 
no  static  vertical  pressure  can  comjaress  any  hard  material  of  such 
character  to  an  api^reciable  extent,  and  to  accomplish  settlement  of 
broken  stone,  motion  is  necessary;  the  more  continuous  and  repeated 
the  motion,  the  more  decided  the  settlement.  It  is,  therefore,  apparent 
that  the  application  of  2  tons  100  times  on  a  mass  of  broken  stone  will 
be  much  more  efficacious  than  the  application  of  20  tons  10  times — and 
the  experience  of  the  writer  tends  to  confirm  this  theory  (if  theory  it 
be) — and  so  for  the  last  fifteen  years  a  steam-roller  has  not  been  required 
or  used  by  him. 

In  addition  to  this  the  repair  of  roads  in  communities  where  there 
are  many  of  them  is  a  continuous  process,  and  if  a  steam-roller  be  used 
it  would  be  in  use  practically  all  the  time,  and  the  suspicion  of  its 
whereabouts  would  put  an  embargo  on  travel  and  be  a  hindrance  to  the 
free  use  of  the  roads  for  traveling  purposes. 

Another  objection  to  the  steam-roller  is  its  excessive  weight  per 
sqiiare  foot,  which  is  apt  to  crush  culverts  and  pipes,  and  to  put  an 
undue  strain  on  bridges  not  calculated  for  such  a  load. 

The  only  remaining  item  of  construction  that  can  be  alluded  to  is 
the  use  of  screenings,  and  its  consideration  applies  also  to  rei:)aii-s.  To 
the  writer's  mind  a  coat  of  screenings  is  like  a  coat  of  paint,  which  may 
be  used  to  cover  up  putty  holes  in  wood,  or  blow-holes  in  u-on  ;  and 
while  in  the  construction  of  roads  he  has  not  departed  from  the  jn-ac- 
tice  of  using  it,  in  repairs  he  finds  that  satisfactory  and  economical  re- 
sults can  be  obtained  without  it.     In  the  output  of  a  cracker  there  will 


620  OWEN"   ON"   DISPUTED   POINTS   IN"   ROAD   BUILDING. 

be,  of  necessity,  a  certain  proportion  of  dust  resulting  from  the  pro- 
cess of  breaking,  and  as  tliis  dust  impairs  the  wear  of  the  IJ-in.  stone 
if  put  on  the  road  with  them,  it  is  better  on  top,  and  in  the  present 
state  of  public  ojpinion,  it  is  as  much  a  necessity  as  the  broken  stone 
itself. 

On  a  heavy-traveled  road  the  writer  has  noticed  that  a  good  coating 
of  screenings,  say,  ^  in.  thick,  will  last  from  three  weeks  to  a  month, 
and  then  the  travel  gets  to  its  proper  bearing,  viz.,  the  1^-in.  stone;  a 
coating  of  screenings  costs  from  $250  to  $300  a  mile,  and  to  his  mind  it 
is  an  expensive  luxury. 

In  the  practice  of  rej^airs  the  writer  has  abandoned  the  use  of  dust 
for  years,  except  in  special  localities,  and  finds  that  the  surface  of  the 
roadway  is  practically  as  good  without  as  with  it,  and  a  gTeat  saving  of 
money  results. 

We  now  come  to  the  last  point  in  controversy  on  the  road  question, 
and  that  is  repairs.  The  first  thing  to  do  in  the  repair  of  roads  is  to 
establish  in  the  minds  of  the  community  which  has  arrived  at  the  pitch 
of  excellence  of  building  good  roads  the  fact  that  a  proper  and  suffi- 
cient amount  of  money  should  be  furnished  to  repair  them;  this  idea 
having  been  ingrafted  in  their  minds,  a  proper  and  judicious  expend- 
iture of  this  money  should  be  arrived  at.  We  are  here  at  once  con- 
fronted with  the  tradition  of  other  climes.  Tradition  says,  carefully 
patch  any  defect  in  the  roadway  immediately  on  its  appearance;  tradi- 
tion says,  keep  a  small  party  of  men  on  a  section  repairing  these 
patches;  tradition  says,  have  piles  of  stone  stored  on  the  highway  con- 
venient for  the  jjatches;  whereas,  practice  shews  that  ijatching  is  a 
mistake.  A  road  jsroperly  and  uniformly  constructed  should  wear  out 
uniformly,  and  repairs  should  be  made  in  large  sections  as  occasion 
demands.  Tradition  also  says,  pick  up  the  surface  of  the  old  road  be- 
fore putting  on  new  stone;  practice  says,  put  on  the  new  stone  when 
the  surface  is  worn  rough  enough  to  need  it. 

In  repairing  roads  the  practice,  of  the  writer  is  to  put  the  broken 
stone  on  and  roll  and  treat  it  practically  in  the  same  manner  as  the  top 
course  of  the  original  construction;  the  stone  of  the  1^-in.  size  being 
put  on  about  3  ins.  thick,  with  the  necessary  rolling  and  packing. 
Dust  or  screenings  may  or  may  not  be  used,  as  the  pockets  and  desires 
of  the  community  dictate;  a  coating  of  dust,  of  course,  gives  quicker 
and,  consequently,  more  satisfactory  results. 
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One  other  iDoint  in  the  case  is  the  combined  effect  of  dry  weather 
and  wind  on  the  surface,  the  tendency  being  at  snch  times  for  the 
top  stone  to  become  entirely  loose  and  broken  up;  a  sure  remedy  at 
this  time  is  a  coating  of  screenings,  but  a  less  costly  substitute  is  a 
thin  coating  of  loam,  which  tides  over  the  difficulty  till  the  next  fall  of 
rain,  when  the  loose  particles  resume  their  original  position. 

The  practice  of  isolated  patching  and  repairs  is  to  be  condemned, 
except  under  urgent  necessity^  if  a  road  is  rutted,  the  ruts  undoubtedly 
should  be  filled  up,  not  with  screenings,  as  is  often  done,  but  with 
the  Ij-in.  stone;  if  the  road  breaks  up,  of  course  it  should  be 
repaired,  but,  as  has  been  said,  no  well-constructed  road  either  breaks 
uj)  or  ruts. 

The  cost  and  frequency  of  repairs  is  of  vital  importance  to  the 
pockets  and  comfort  of  any  community,  and  is  in  proportion  to  the 
lack  of  care  in  original  construction  and  to  the  travel  upon  it.  An 
isolated  new  road,  in  a  section  of  poor  roads,  will  carry  a  much  larger 
amount  of  travel  at  first  than  will  be  normal  to  it  in  the  futiire,  and 
the  experience  and  statistics  on  such  a  j)iece  of  work  would  not  give  a 
proper  idea  of  future  necessities.  The  writer  has  known  a  4-iu.  road, 
as  before  stated,  to  require  repairs  the  next  year  after  construction, 
and  knows  of  a  12-in.  road  that  has  been  laid  down  19  years,  and 
has  as  yet  received  no  repairs ;  of  course,  its  condition  is  not  ideal, 
yet  the  travel  on  the  12-in.  road  was  far  greater  than  that  on  the  l-in. 
road. 

The  average  i3eriod  of  duration  of  the  average  road,  under  ordinary 
conditions,  would  be  from  four  to  five  years;  if  the  width  was  jiarticu- 
larly  narrow,  confining  the  travel  to  small  limits,  this  period  would 
be  decreased,  but  a  fair  estimate  for  repairs  would  be  3-in.  of  broken 
stone  every  four  years;  this  will  ensure  a  good,  permanent  and  smooth 
surface,  and  keep  up  the  waste  of  wear  and  tear.  The  writer  will  not 
venture  to  allude  to  cost,  as  that  is  a  matter  dependent  on  locality  and 
might  lead  to  wrong  impressions.  This  includes,  as  far  as  the  writer 
is  aware,  all  the  controverted  questions  of  road  construction;  his  par- 
ticular object  in  this  paper  is,  as  stated  before,  to  invite  criticism  and 
discussion,  and  he  trusts  ample  opportunity  will  be  given  to  that  end. 
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DISCUSSION. 


Edwakd  p.  North,  M.  Am.  Soc.  C.  E. — It  is  not  worth  while  to 
occupy  time  by  an  indorsement  of  all  the  good  points  in  this  instruc- 
tive pajjer.  There  is,  however,  one  to  which  attention  might  be  called; 
that  is,  an  unreasoning  application  of  principles  of  construction  suit- 
able in  other  countries,  or  in  other  i:)arts  of  this  country  in  sections,  or 
Tinder  circumstances  to  which  they  are  not  fitted.  A  glaring  instance 
of  this  kind  is  seen  in  the  Central  Park  of  this  city.  The  eminent 
landscape  architects  who  designed  this  park  had  aj^parently  read  in  the 
books  attainable  that  moisture  was  the  great  enemy  of  wheelways,  and 
they  very  skillfully  devised  a  system  of  roads  with  little  or  no  shade 
near  them;  while  the  fact  is  that  in  this  country  a  trap-rock,  steam- 
rolled  road,  without  clay  or  loam  in  its  composition  and  so  well  sur- 
faced that  water  does  not  stand  on  it,  is  not  injured  by  being  kept 
damp,  but  such  a  road  loses  its  coherence  through  excessive  dryness. 

The  unshaded  condition  of  these  roads  has  aj^parently  necessitated 
a  coating  of  loamy  gravel  with  frequent  watering.  An  appreciation  of 
the  climatic  envii'onment  and  its  effects  on  roads  would  doubtless  have 
resulted  in  more  shade  on  the  roads,  with  greater  comfort  to  those  who 
use  them. 

The  claim  made  by  many  that  roads  should  be  constantly  maintained 
and  that  stores  of  material  should  be  every  where  seen  on  the  roadside 
for  rei^airs  is  not  applicable  to  trap  roads.  A  man  who  builds  a  road  of 
this  material  that  requires  constant  maintenance  has,  as  a  general  prin- 
cijile,  failed.  But  roads  surfaced  with  either  earth,  gravel,  or  the  softer 
rocks,  do  require  maintenance  or  repairs,  varying  in  frequency  with  the 
amount  of  traffic  passing  over  them.  Along  the  Brenta,  on  the  dili- 
gence road  between  Trent  and  Bassano,  the  read  is  surfaced  with  a 
limestone  shale,  which  contains  a  good  deal  of  tufa;  it  is  so  soft  that 
it  can  be  readily  cut  with  a  common  axe  and  the  road  surface  is  nearly 
good  enough  to  play  billiards  on.  This  surface  could  only  be  secured 
'bj  constant  maintenance,  and  with  that  maintenance  the  material  de- 
scribed makes  a  good  road  metal.  It  would,  however,  be  Avorthless  if 
repaired  but  once  a  year. 

On  the  west  side  of  the  Hudson,  near  the  Dunderberg,  a  limestone 
is  quarried  and  broken  for  light  Macadam  roads  which  possibly  ranks 
as  the  best  of  the  limestones.  It  is  hard  and  packs  readily  under 
wheel  traffic  if  not  laid  on  in  too  thick  layers,  and  holds  its  surface 
admirably,  but  it  requires  considerable  maintenance,  and  I  think  Mr. 
Owen  will  agree  with  me  that  it  is  only  a  trap  road  that  can  be  left 
fi'om  one  to  five  years  without  the  necessity  of  repairs. 

Mr.  Owen  and  myself  have  differed  on  several  subjects;  one  is  in  the 
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matter  of  rollers.  He  thinks  that  a  2-ton  horse-roller  is  better  than  a, 
15-ton  steam-roller;  if  he  is  correct  in  this  the  125-ton  steam  hammer 
that  some  of  lis  have  seen  in  Pennsylvania  oiight  to  be  a  mistake. 
With  that  difference  between  ourselves  in  regard  to  the  use  of  the 
steam  or  horse  rolled  road — and  a  horse-roller  is  a  very  good  thing, 
if  you  cannot  get  a  steam-roller  it  is  very  necessary — with  that  differ- 
ence comes  a  diflference  in  regard  to  packing.  Mr.  Owen  thinks  loam 
is  the  best,  and  if  jou  have  nothing  but  a  2-ton  roller  it  is.  Screen- 
ings would  be  out  of  place  and  sand  is  worthless;  loam  with  a  fair  pro- 
portion of  clay  in  it  is  required  to  hold  the  stones  from  rolling  over 
and  wearing  off  their  sharp  edges,  but  if  a  10  to  15-ton  roller  can  be 
secured,  it  is  better  to  use  trap  screenings  in  making  a  trap  road.  I 
think  you  get  a  more  homogeneous  and  better  wearing  road  by  using 
trap  screenings.  The  screenings  should  be  put  with  the  trap  and 
rolled  down  with  it,  care  being  taken  not  to  put  in  so  much  that 
a  layer  of  screenings  is  worked  down  below  the  stone;  then  put  on 
water  so  that  no  more  will  go  down  and  add  screenings  and  water  to 
the  top  until  it  flushes  or  puddles;  then  cover  with  a  light  coat  of 
screenings  and  turn  on  the  traffic.  Screenings  put  on  a  road  already- 
compacted,  for  the  purpose  of  repairing  it,  as  Mr.  Owen  says,  are 
almost  invariably  wasted,  but  screenings  rolled  in  with  a  10  to  15-ton 
roller  during  construction  are  not  wasted. 

When  recourse  must  be  had  to  a  horse-roller,  which  is  not  only- 
lighter  per  foot  run  than  a  steam-roller,  but  lacks  the  assorting  actiort 
of  the  driving  wheels,  the  aid  of  wagon  wheels,  as  Mr.  Owen  says,  is  neces- 
sary to  make  a  comjjact  roadbed.  Frequent  rolling  obliterates  the 
wheel  tracks,  prevents  a  formation  of  ruts  and  is  more  efficacious  thart 
the  use  of  rakes  which  used  to  be  jarescribed. 

This  brings  us  to  another  difference — a  difference  as  to  the  thickness 
of  the  roadbed.  The  perfectly  correct  theory  that  the  resistance  of 
any  roadbed  to  breaking  through  is  a  function  of  the  square  of  its  depth, 
when  the  two  depths  are  homogeneous,  the  one  to  the  other,  may  be 
opposed  by  the  theory  that  the  roadbed  is  both  a  shield  against  wear 
and  a  roof  against  the  softening  of  the  earth  below  it.  In  conformity 
with  the  first  theory  it  would  be  a  waste  of  money  to  build  a  16-iu.  or 
possibly  an  8-in.  road  of  broken  stone,  and  it  is  not  so  necessary  that 
the  wearing  surface  should  be  water-tight.  In  fact  the  elasticity  should 
be  supplied  by  the  surface,  as  it  cannot  be  looked  for  in  a  properly- 
wedged  foundation.  But  on  the  second  theory  the  roadway  should 
first  be  thoroughly  compacted  by  rolling,  and  with  trap  rock,  or  any- 
of  the  igneous  or  other  rocks  which  do  not  bind  readily,  the  brokert 
stone  should  be  rolled  with  filling  or  binding  material  of  equal  hard- 
ness with  the  stone,  so  that  a  hard  surface  is  obtained,  which  sheds  the- 
water  instead  of  allowing  it  to  pass  through  and  puddle  the  earth 
below  it.     Clay  is  entirely  out  of  place  in  a  roadbed  designed  on  this. 
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theory,  for  it  has  a  great  affinity  for  water,  and,  when  wet,  it  acts  as  a 
lubricant,  inviting  the  wheels  to  break  through  into  any  softened  earth 
below.  This  style  of  road  building  opposes  skillful  workmanship  to 
mass.  Where  stone  of  the  best  quality  surrounds  a  locality,  as  in 
Eastern  New  Jersey,  the  massive  construction  may  be  the  most  eco- 
nomical; but  where  stone  of  any  kind  is  burdened  with  the  cost  of 
transportation  over  a  great  distance,  the  skillful  workmanshij^  will 
probably  be  found  the  more  economical  of  the  two. 

The  animus  of  American  engineering  is  to  accomplish  the  largest 
possible  results  with  the  smallest  expenditure  of  either  time,  labor  or 
material,  or  the  mean  of  their  money  value.  The  4-in.  Bridgeport 
roads,  which  were  referred  to,  are  an  instance  in  point.  Mr.  Pierce  has 
there  built  70  or  80  miles  of  road,  in  the  city  and  leading  to  it,  at  an 
average  cost  of  about  $5  000  per  mile.  Two  short  jDieces  only  of  these 
have  broken  through.  They  were  repaired  by  putting  on  a  3-in.  layer 
of  stone,  without  a  serious  interruption  of  traffic. 

A  gentleman  living  near  Bridgeport  told  me  he  had  extended  one  of 
the  Bridgeport  roads  by  a  better  one.  He  had  built  a  foundation  and 
roofed  it  with  the  same  kind  of  road  Mr.  Pierce  built,  and  I  understood 
that  it  cost  about  $9  000  per  mile.  It  will  be  immediately  seen  that 
either  80  "^  more  road  could  have  been  built,  or,  if  necessary,  805*0  of  the 
road  built  could  have  been  reinforced  for  the  same  money.  The  oldest 
of  the  Bridgei^ort  roads  had  then  been  down  about  seven  years  without 
renewal.  Comijounding  the  costs  of  the  two  roads  at  6%  for  that  time, 
the  thin  road  would  cost  $7  500,  and  the  thicker  §13  500.  This  is  un- 
doubtedly an  extreme  case,  but  it  seems  to  me  that  there  are  few 
instances  in  which  thin  roads,  properly  constructed,  would  not  jjrove 
more  economical. 

There  is  another  view  of  the  case  which  has  been  too  mtich  neg- 
lected, that  is,  the  difficulty,  if  not  practicable  impossibility,  of  raising 
the  capital  necessary  for  constructing  any  roads.  The  reductions  in 
freight  rates  on  our  railroads  and  waterways  have  made  us  rich  as  a 
nation,  but  almost  nothing  has  been  done  for  our  wagon  roads. 
On  those  which  gather  traffic  for  our  large  lines  of  transportation, 
freight  costs  as  much  to-day  in  time  and  labor — more  in  money — than 
50  or  60  years  ago,  and  the  peoi:)le  who  depend  on  wagon  roads  for  mar- 
keting their  produce  have  not  the  financial  ability  to  build  either  style 
of  road;  they  often  lack,  I  think,  desire  for  a  good  road. 

Under  such  circumstances  it  is  useless  to  recommend  either  Mac- 
adam or  Telford.  The  improvement  must  commence  with  "  good 
enough  "  roads  that  are  as  much  better  than  the  present  style  as  the 
skill  and  money  attainable  will  permit.  These  roads  by  reducing  the 
cost  of  transportation  will  afford  the  funds  necessary  for  additional 
improvements. 

James  Owen,  M.  Am.  Soc.  C.  E. — In  re^jly  to  Mr.  North,  I  would 


DISCUSSION   ON   DISPUTED    POINTS   IN    ROAD   BUILDING.      625 

sav  I  am  building  at  the  i^resent  time  8-in.  Telford  pavements  16  ft. 
wide,  that  cost  somewhat  less  than  §5  000  per  mile. 

As  to  steam-rollers,  I  had  quite  a  long  experience  Avith  them  for 
a  period  of  about  six  years,  and  on  one  road  I  had  three  steam-rollers 
at  once  at  a  time  when  I  built  my  roads  without  packing.  I  found  that 
a  road  built  without  packing  broke  up  more  easily  in  dry  weather 
than  one  with  packing;  by  packing  I  mean  other  material  than  the 
stone  used  for  the  road  itself.  When  I  began  to  repair  the  roads,  I 
found  that  to  make  the  repairs  without  the  packing  was  a  costly  prac- 
tice; this  led  to  its  use,  and  afterwards  I  adopted  the  same  course  in 
construction  and  have  never  regretted  it.  A  road  built  with  steam- 
roller without  packing  costs  about  10  cents  per  square  yard  more  than 
with  packing.  The  question  of  cost  is  very  material  to  the  whole 
problem  of  road  construction.  I  made  an  approximate  estimate  of  the 
general  average  of  roads  throughout  the  State  of  New  Jersey,  for  a 
Telford  road  8  ins.  thick,  12  ft.  wide,  at  about  .$4  000  per  mile.  In  some 
places  it  could  be  done  cheaper. 

With  respect  to  grades,  I  would  state  that  I  have  a  great  many 
roads  with  steep  grades,  some  as  high  as  10"^,  and  there  is  cer- 
tainly a  tendency  for  the  water  to  wash  the  roadway;  but  by  i^ut- 
ting  in  brakes  and  by  increasing  the  crowning,  the  wash  is  obviated. 
On  one  of  my  roads  one  of  the  water  spouts,  in  1874,  completely 
washed  out  the  sides  of  the  road  in  the  gutter,  and  left  the  Telford 
pavement  standing  up. 

Chaeloes  B.  Betjsh,  Vice-President  Am.  Soc.  C.  E. — Do  I  understand 
Ml'.  Owen  to  recommend  that  Macadam  roads  should  not  be  sprinkled  ? 

Mr.  Owen. — No;  they  may  be  sprinkled,  but  reijaii-s  cost  more  on  a 
sprinkled  road  than  on  any  other.  I  once  got  some  rock  salt  and  put 
it  in  the  sprinkling  wagon,  and  found  that  the  water  mixed  "with  rock 
salt  would  hardly  disappear  by  noon  of  the  next  day.  I  did  not  carry 
the  experiment  very  far;  it  is  rather  costly. 

Mr.  Brush. — I  wish  Mr.  Owen  would  explain  what  he  means  by  a 
road  10  ins.  thick.  Do  you  mean  to  include  the  Telford  foundation  in 
each  case  in  the  10  ins. ,  8  ins.  and  6  ins.  ? 

Mr.  Owen. — No;  the  8  and  10-in.  are  Telford,  and  the  6-in.  are 
broken  stone  alone. 

Mr.  Brush. — Of  the  10  and  8-in.,  how  much  would  be  Telford  ? 

Mr.  Owen. — Five  ins.  Telford  on  the  8-in.  road,  and  6  ins.  on  the 
10-in. 

Mr.  Brush. — The  broken  stone  would  be  3  to  4  ins.  ? 

Mr.  Owen. — Yes. 

Mr.  Brush. — I  notice  that  you  say  in  your  paper,  and  Mr.  North 
seems  to  coincide  with  you,  that  the  travel  should  be  allowed  to  go  on 
the  road  as  soon  as  the  broken  stone  is  placed.  Is  it  not  true  that  the 
road  packs  very  much  better  when  the  broken  stone  is  fresh  than  after 
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it  becomes  rounded;  and  does  not  it  become  rounded  as  soon  as  the 
travel  is  turned  on  ?  Would  it  not  be  better  for  the  roller  to  go  over 
the  stone  as  it  lies  fresh  and  then  turn  the  travel  on  it,  rather  than  to 
let  the  narrow  tires  of  ordinary  travel  pass  over  it  ? 

Mr.  Owen. — In  constructing  the  road  after  the  foundation  stones 
are  laid,  the  broken  stone  is  put  on  and  rolled,  then  on  tojj  is  spread 
the  packing  which  is  also  rolled.  Then  I  keep  on  rolling  the  stone 
and  packing  progressively,  and,  when  the  surface  is  solid,  the  travel  is 
allowed  to  come  on,  and  the  ruts  caused  by  the  travel  rolled  down 
before  the  dust  is  put  on.  The  dust  will  not  repair  or  remove  the  ruts; 
and  if  they  occur  after  the  dust  is  spread,  l^-in.  stone  has  to  be  spread 
on  the  ruts  to  fill  them  up,  which  has  a  tendency  to  make  an  uneven 
surface.     Uniformity  of  size  of  stone  is  a  great  desideratum. 

Mr.  Beush. — Then  it  is  unwise  to  allow  the  travel  to  go  on  the 
road  until  there  has  been  enough  rolling  to  pack  the  stone,  although, 
ordinarily,  in  making  suburban  roads,  the  travel  is  generally  allowed  to 
jaass  over  it  before  rolling. 

Mr.  Owen. — There  is  a  tendency  to  form  permanent  ruts. 
Mr.  Brush. —  Is  not  a  rut  an  indication  that  the  road  has  been  im- 
properly made  ? 

Mr.  Owen. — There  are  two  classes  of  ruts;  if  you  have  a  rut  caused 
by  the  imperfect  foundation,  it  is  a  permanent  rut,  and  never  can  be 
eliminated;  a  rut  on  the  surface,  however,  wears  out  and  disappears, 
or  can  be  obviated  by  putting  stone  on.  Of  course,  there  is  a  tendency 
to  make  a  little  unevenness. 

¥.  CoLXiiNGwooD,  Secretary  Am.  Soc.  C.  E. — Many  of  the  roads 
along  the  seashore  are  shell  roads,  and  though  such  a  road  may  be 
very  well  made,  yet  it  is  absolutely  necessary  to  watch  it  and  fill  all 
breaks  at  once,  to  jjrevent  the  formation  of  holes.  I  had  occasion  to 
see  that  in  the  Government  road  at  Old  Point  Comfort,  Va.  The  road 
would  be  repaired  and  then  left  to  itself  until  it  became  so  rough  as 
to  be  unbearable,  when  it  would  be  covered  all  over  with  shell.  A 
little  repair  would  have  saved  much  of  the  expense. 

Geo.  W.  HowEiiL,  M.  Am.  Soc.  C.  E. — When  Mr.  Owen  is  about  to 
commence  repairs,  would  he  scrape  the  I'oad,  remove  the  upper  material 
or  the  mud  before  he  puts  on  his  new  material  ? 

Mr.  Owen. — No,  sir;  I  do  not  do  anything  of  the  kind.  In  repair- 
ing I  generally  put  such  a  thick  coating  on  that  the  surface  below  is 
so  far  down  that  its  condition  is  not  material. 

There  is  one  jjoint  that  I  Avish  to  call  attention  to  particularly,  that 
is,  the  capacity  of  the  country  at  large  to  raise  money.  I  think  it  is 
not  a  judicious  way  to  advise  people  as  to  the  smallest  amount  of 
money  they  can  raise.  The  expenditure  of  money  in  any  taxation  is 
comparative;  the  rates  for  taxes  are  generally  made,  not  according  to 
the  ability  of  payment,  but  as  compared  with  some  rates  elsewhere. 
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I  hunted  up  the  statistics  for  New  Jersey,  and  found  the  amount  of 
money  the  farmers  pay  in  one  year  for  rejjairs  on  the  roads  was  over 
81  000  000.  They  are  taxed  that,  and  paj  it  without  a  murmur.  If 
they  double  it  and  raise  82  000  000,  in  25  years  they  will  have  a  com- 
plete system  of  macadamized  roads  in  that  State. 

F.  CoiiiiiNGWooD,  M.  Am.  Soc.  C.  E. — I  want  to  say  that  every  mem- 
ber of  the  Society,  particularly  those  traveling  in  other  States,  can  do  a 
good  work  in  connection  with  this  subject.  They  may  come  in  contact 
^-ith  i^ersons  who  are  jireparing  laws  resijecting  road  improvement,  and 
can  influence  them  to  include  a  provision  that  all  the  work  must  be  done 
under  the  care  of  a  competent  engineer.  It  fell  to  my  Jot  to  meet  with 
those  who  were  drafting  the  New  Jersey  law,  and  I  got  them  to  include 
such  a  i^roAasion  and  it  was  passed  by  the  Legislature.  It  has  done  more 
towards  helping  us  get  good  roads  in  New  Jersey  than  anything  else. 
I  told  them  that  unless  this  were  done  they  might  as  well  throw  the 
money  into  the  sea;  it  was  absolutely  necessary.  That  provision  has 
been  copied  in  the  laws  of  some  other  States,  and  it  is  very  necessary 
that  some  such  provision  should  be  made  everywhere  if  good  roads  are 
to  be  obtained. 

Mr.  Bkush. — At  the  time  Mr.  North  submitted  his  celebrated  paper 
to  the  Society  on  road  making,  in  the  winter  of  1878-79,  there  was  a 
large  amount  of  discussion  on  this  subject.  Among  others,  I  took  part 
in  that  discussion  and  described  the  making  of  two  roads,  each  about 
two  miles  in  length  and  on  the  same  ridge — the  Palisade  ridge  in  New 
Jersey — in  which  trap  rock  was  used;  8  ins.  foundation  and  4  ins. 
broken  stone.  The  roads  were  just  finished  at  the  time  the  jjaper  was 
read.  One  of  the  roads  was  rolled  with  a  steam-roller  and  the  other 
with  a  horse-roller.  Neither  received  any  attention  to  speak  of  at  all 
for  five  or  six  years,  and  it  was  difficult  to  see  any  difference  in  the 
wear  of  the  two  roads. 

My  experience  has  been  very  much  the  same  as  Mr.  Owen's,  that  a 
road  rolled  with  a  horse-roller,  if  jjroperly  rolled,  will  wear  equally  as 
well  as  a  road  rolled  with  a  steam-roller.  It  will  take  longer  to  make 
the  road,  however.  But  as  far  as  the  wear  is  concerned  those  two  roads 
I  have  mentioned  are  in  use  to-day,  and  one  is  just  about  as  good  as  the 
other.  Our  exi^erieuce  has  been,  that  with  grades  steeper  than  3  or  4:%, 
a  macadamized  road  is  rather  unsatisfactory.  It  is  always  acted  on  by 
water  to  a  much  more  serious  extent  than  when  the  grades  are  lighter. 
With  steeper  grades  I  would  rather  have  block  pavement  and  avoid 
the  Macadam  road.  The  horses  control  their  loads  better,  with  the 
block  pavement  than  with  Macadam.  We  have  stojjped  building 
Macadam  roads  on  heavy  grades. 

One  very  serious  objection  to  Macadam  is  the  enormous  am  ount  of 
dust.  IVIr.  Owen  spoke  of  the  fact  that  trap  rock  makes  the  best 
Macadam  roads,  but  even  with  traj)  the  dust  is  almost  blinding  in  dry. 


628     DISCUSSION   ON   DISPUTED    POINTS   IN   ROAD   BUILDING. 

Tiot  weather,  and,  without  sprinkling,  the  road  is  almost  impassable. 
I  am  now  speaking  of  roads  in  towns  more  particularly,  rather  than  of 
roads  running  through  a  farming  country.  You  take  a  comparatively 
fiat  road  and  the  dust  accumulates  on  it  so  that  it  becomes  an  annoy- 
ance to  the  houses  adjoining;  that  apj^lies  to  trap  rock  and  must  be 
very  much  more  ajiplicable  to  rock  that  wears  more  rapidly.  The 
only  thing  we  have  been  able  to  do  to  control  this  dust  is  to  keep  the 
road  well  sprinkled. 

This  subject  of  road  building  is  a  very  broad  one  and  one  which  is 
occupying  the  attention  of  the  whole  country  perhaps  more  to-day 
than  any  other  siibject.  It  is  a  matter  that  has  been  brought  before 
the  country  by  reason  of  the  enormous  increase  in  bicycle  riding. 
Anyone  using  a  wheel  finds  it  very  desirable  to  have  good  roads  to  ride 
over.  These  riders  have  done  more  than  any  one  else  to  secure  good 
roads  throughout  our  country.  A  great  deal  of  attention  is  being  paid 
to  this  subject  by  the  cities  and  by  the  different  municipalities  in  the 
various  States.  It  is  just  such  practical  papers  as  this  one,  pi-esented 
by  Mr.  Owen,  who  has  been  giving  his  life  to  the  building  of  good 
roads  and  has  built  more  than  jDerhaps  any  other  man  in  this  country, 
that  are  especially  acceptable  to  this  Society.  We  are  indebted  very 
much  to  Mr.  Owen  for  the  pajjer  he  has  read  and  for  the  happy 
way  he  has  presented  the  subject,  and  all  the  light  we  can  get  from 
other  members  of  the  Society  will  be  heartily  welcome. 
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THE   USE   OF    ASPHALTUM   FOR   RESERVOIR 
LININGS.* 


By  James  D.  ScHUYiiEE,  M.  Am.  Soe.  C.  E. 
Read  December  7th,  1892. 


For  a  number  of  years  past,  experiments  have  been  made  in  rather 
a  small  way  in  various  parts  of  California  in  the  use  of  asi3haltum  for 
reservoir  linings,  particularly  in  the  southern  jsortion  of  the  State 
where  the  natural  product  abounds  in  a  great  variety  of  forms,  from 
hard  rock  to  liquid  "mineral  tar,"  so  called,  oozing  from  the  ground 
in  springs.  The  natural  properties  of  asphalt  seem  to  render  it  a  use- 
ful material  from  which  to  form  a  water-tight  coating  for  reservoirs. 
It  is  insoluble  in  water,  and  neither  acids  nor  alkalies  dissolve  it 
or  affect  its  cohesion;  hence  it  imparts  no  taste  or  color  to  water  com- 
ing m  contact  with  it.     It  is  elastic  and  will  yield  to  a  considerable 

*  Discussion  on  this  paper  received  before  February  15th,  189:1,  will  be  published  in  a 
subsequent  number. 
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settlement  of  the  surface  on  which  it  lies  without  cracking  or  losing 
its  integrity.  It  is  easily  repaired,  and  new  material  can  be  made  ta 
unite  perfectly  with  the  old,  wherever  a  patch  may  be  needed. 

The  writer  has  had  occasion  to  examine  a  number  of  small  reser- 
voirs so  lined,  and  in  almost  every  case  found  them  in  satisfactory 
condition,  and  generally  impervious  to  water.  One  of  these,  that  had 
been  in  use  for  four  years  at  the  town  of  San  Buena  Ventura,  was  an 
extreme  exam^jle  of  the  serviceability  of  asphalt.  A  circular  reservoir 
about  100  ft.  in  diameter  and  10  ft.  deep  had  been  excavated  for  perhaps 
one-third  of  its  depth  in  light,  sandy  and  gravelly  soil,  the  material 
excavated  being  used  in  the  embankments.  This  was  paved  on  the  bot- 
tom and  sides  (sloping  1  to  1)  with  cobble  stones  laid  in  mud,  the  spaces 
between  being  partially  filled  with  the  mud  mortar.  When  dry,  this 
rude  masonry  was  covered  with  a  thin  coat  of  liquid  asphalt,  poured 
on  hot  and  spread  with  brooms.  The  thickness  of  the  sheet  did 
not  exceed  ^,  and  in  places  was  not  over  j-p,  of  an  inch  thick.  The 
reservoir  was  not  covered.  After  being  filled  with  water,  one  portion 
of  the  banks  was  said  to  have  settled  outward  more  than  2  ft.  without 
breaking  the  integrity  of  the  lining.  The  cost  of  the  lining  was  very 
small;  it  has  required  few  repairs,  and  bids  fair  to  render  service  indefi- 
nitely. Another  reservoir  examined  by  the  writer  was  excavated  in 
firm  shale  and  soft  sandstone,  with  nearly  vertical  sides,  on  which  the 
hot  asphalt  was  successfully  applied.  This  was  a  small  house-service 
supply  reservoir,  and  had  been  a  year  in  use  without  repairs  when 
examined. 

Other  instances  of  the  use  of  asphalt  to  repair  cracked  and  broken 
concrete  linings  of  reservoirs  were  noted,  in  all  cases  with  success. 
The  writer  subsequently  constructed  on  his  own  premises  a  circular 
reservoir  64  ft.  in  diameter,  7  ft.  deep,  which  he  Hned  with  asphalt 
i  in.  thick.  The  side  slopes  were  1  to  1,  and  the  first  coat,  consisting 
of  a  mixture  of  15%  of  La  Patera  asphalt  (which  contained,  by  analysis, 
66%  of  pure  bitumen)  and  85%  of  beach  sand,  after  being  heated  to  a 
temperature  of  300^,  was  spread  with  hot  rakes  and  consolidated  by 
means  of  hot  tampers  and  smoothing  irons.  It  was  laid  in  sections  2  ft. 
wide,  half  the  height  of  the  slopes.  The  edges  should  have  been  painted 
with  pure  liquid  asphalt  before  the  adjoining  section  was  laid  next  to  it, 
and  it  was  doubtless  owing  to  a  neglect  of  this  precaution  that  after 
being  in  use  one  year  small  cracks  appeared,  outlining  the  joints  where 
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the  various  sections  were  laid.  These  cracks  were  all  repaired,  however, 
-R-ith  half  a  barrel  of  asj^halt,  and  the  labor  of  one  man  for  three  days; 
and  the  reservoir  is  in  perfect  condition  after  two  years,  although 
ex^iosed  to  the  sun.  The  sheet  of  asphalt  was  tacked  to  the  slope  by 
means  of  strips  of  strap  iron,  6  x  |^  x  J  ins. ,  driven  in  at  intervals 
of  18  ins.  in  each  direction.  A  second  coat,  consisting  of  La  Patera 
asphalt  fluxed  with  about  lO^o^  of  "mineral  tar,"  the  heaviest  of 
the  natural  oils  of  California,  heated  to  a  temperatiire  of  about  250^ 
Fahr. ,  was  applied  over  the  entire  surface.  It  was  poured  on  as  thinly 
as  possible,  and  ironed  down  with  hot  smoothing  irons.  Its  thickness 
averaged  about  ^  of  an  inch. 

With  this  experience,  and  after  a  careful  examination  of  the  prin- 
cipal asjDhalt  beds  of  Southern  California,  as  well  as  the  sea  walls  laid 
in  asphalt  and  described  by  W.  C.  Ambrose,  M.  Am.  Soc.  C.  E.,  in 
Yol.  21:  of  the  Transactions  of  the  Society,  the  writer  felt  justified  in 
recommending  the  use  of  California  asphalt  for  the  lining  of  two 
large  distributing  reservoirs  constructed  at  the  City  of  Denver,  Colo., 
Toy  The  Citizens'  Water  Company.  These  reservoirs,  known  as  the  East 
and  West  Ashland  Avenue  Reservoirs,  lie  side  by  side  (see  page  631), 
and  were  excavated  to  their  full  depth  of  32  ft.  on  the  upjDcr  or  higher 
side,  the  material  being  used  to  form  artificial  embankments  on  the 
lower  side,  where  the  minimum  depth  of  excavation  below  the  natural 
suj'face  was  6  ft.  They  are  intended  to  be  filled  to  a  depth  of  26 
ft.,  and  there  was  therefore  on  one  side  20  ft.  of  water  to  be  sup- 
ported against  a  made  bank.  The  whole  of  the  West  and  a  por- 
tion of  the  East  Eeservoir  were  excavated  during  the  winter  of  1890-91, 
when  there  was  a  good  deal  of  frost  in  the  ground,  and  although  a 
12-ton  steam  roller  was  employed  to  consolidate  the  banks,  a  consider- 
able settlement  was  antici^jated,  which  would  have  been  fatal  to  a 
concrete  lining. 

The  dimensions  of  the  West  Eeservoir  were  as  follows:  bottom, 
31:1  X  256  ft. ;  tojD,  350  x  420  ft. ;  maximum  depth,  32  ft. ;  depth  to  roof 
line,  29  ft.;  depth  to  high  water-line,  26  ft.;  side  slopes,  1.33  to  1; 
capacity,  22  000  000  gallons.  East  Eeservoir:  bottom,  152  x  49i  ft. ; 
top,  236  X  580  ft. ;  depth,  slopes  and  capacity  the  same  as  the  West 
Eeservoir. 

The  material  excavated  consisted  of  2  or  3  ft.  of  sandy  loam,  12  to 
15  ft.  of  hard  clay  impregnated  with  alkali,  and  8  to  12  ft.  of  shale, 
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the  "bed-rock,"  so  called,  of  the  country.  On  the  completion  of  the- 
embankment  the  slopes  were  sprinkled  and  rolled  with  a  slope  roller 
weighing  5  tons,  drawn  up  the  slopes  and  lowered  by  an  engine  placed 
on  a  track  along  the  top  of  the  banks  (see  Plate  LXV). 

At  the  time  the  West  Reservoir  was  completed  and  ready  for  lining, 
it  was  found  impossible  to  get  the  amount  of  California  asphalt  needed 
Avithin  the  time  available,  and  it  was  decided  to  use  Trinidad  asi)halt, 
which  could  be  obtained  on  the  ground  from  the  Barber  Asj^halt  Com- 
pany, then  engaged  in  leaving  the  streets,  and  having  in  operation  a. 
capacious  plant  for  melting  and  mixing  the  materials.  A  contract  was 
made  for  the  delivery  of  the  materials  at  the  reservoir,  at  a  given  rate 
per  day.  It  had  to  be  hauled  in  wagons  about  2  J  miles,  and  as  the 
roads  were  muddy  and  the  weather  cold,  some  of  the  asphalt  chilled 
on  the  way  and  had  to  be  rejected.  All  that  was  put  on  was  supposed 
to  be  of  a  temperature  of  250°  and  over.  Beginning  at  the  bottom, 
the  slopes  were  laid  in  horizontal  strips  about  10  ft.  wide,  the 
thickness  averaging  about  1|  ins.  It  was  spread  with  hot  rakes, 
tamped  as  hard  as  possible  with  square  tampers  kept  hot  and  fre- 
quently changed,  and  ironed  with  heavy  hot  smoothing  irons.  While 
the  sheet  was  still  warm,  anchor  spikes,  cut  from  strap  iron,  1  x  |  in.,  7 
to  8  ins.  long,  were  driven  through  the  asphalt  into  the  bank,  in  rows 
1  ft.  apart,  about  12  ins.  from  centers  in  the  rows.  Every  other 
row  was  driven  down  flush  with  the  surface,  the  alternate  rows  being 
allowed  to  project  Ij  ins.  above  the  surface  temporarily,  to  serve  as 
a  rest  for  strips  of  2  x  4-in.  lumber,  placed  loosely  above  them  on 
the  slope,  thus  forming  steps  for  the  workmen  to  ascend  while  Avorking 
on  the  space  above.  When  the  finishing  coat  came  to  be  applied,  these 
projecting  spikes  were  driven  flush,  and  all  painted  over.  The  bottom 
thickness  was  about  1  in.  After  spreading  and  tamping,  it  was  rolled 
with  a  cold  steam  roller  weighing  5  tons.  The  finishing  coat  of  refined 
Trinidad  asphalt,  fluxed  with  residuum  oil,  Avas  poured  on  hot,  from 
buckets  shaped  like  a  coal  hod,  and  ironed  over  with  hot  smooth- 
ing irons,  heated  to  a  cherry  red.  These  irons  had  to  be  passed  over  the 
surface  quickly,  and  when  first  applied  produced  a  yellow  smoke;  but 
it  was  found  that  perfect  cohesion  Avith  the  first  coat  could  not  be 
secured  except  by  thorough  ironing  Avith  A^ery  hot  smoothers.  When 
finished,  the  surface  had  a  bright,  glossy  appearance,  as  though  var- 
nished. 
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The  cost  of  this  work  was  as  follows : 
FiBST  Coat. — 1  304  tons,  20%  asphalt  mastic,  80!";;  sand, 

at  ^12 $15  648  00 

15  tons,  15%  asphalt  mastic,  85%  sand,  at  $10 580  00 

86.21  tons  liquid  asphalt,  fluxed  with  oil,  at  $40 3  448  40 

Fuel  for  heating  irons  and  for  steam-roller 276  02 

Lights 36  00 

Tools 179  75 

Peg  irons — material,  cutting  and  dipping  in  asphalt.  650  00 

Labor 1,921  50 

Use  of  roller  six  days 60  00 

Total $22  799  67 

Area  of  surface  covered,  152  580  sq.  ft. 
Cost  per  sq.  ft.,  14-iVu  <"ents. 

Plate  LXVI  is  a  view  of  the  west  bank  of  the  "West  Eeservoir,  with 
slope  roller  in  the  distance. 

Plate  LXVII  shows  the  lining  partially  completed  on  the  east  bank 
of  the  "West  Eeservoir,  looking  north.  The  undriven  spikes  to  support 
the  ladder  strips  can  be  seen  in  this  view. 

The  East  Ashland  Avenue  Eeservoir  was  lined  with  California  asphalt 
in  July  and  August  of  tlie  current  year.  The  material  was  furnished 
from  the  Santa  Barbara  County  beds  of  the  California  Petroleum  and 
Asphalt  Company,  the  asphalt  being  from  the  La  Patera  mine,  and  the 
flux  from  Las  Conchas  mine,  near  Carpenteria;  was  prepared  on  the 
ground  by  the  Blake  Asphalt  Company,  of  Denver. 

The  La  Patera  asphalt  mine  is  one  of  the  most  interesting  deposits 
of  rock  asphalt  on  the  Pacific  Coast.  It  was  discovered  four  years  ago 
by  an  outcrop  in  the  water  a  few  feet  from  the  shore  of  a  small  estero, 
within  100  yds.  of  the  surf  of  the  ocean.  The  principal  part  of  the  deposit 
seems  to  be  below  the  level  of  the  ocean,  the  lowest  workings  being  now 
70  ft.  below  tide  level.  The  asphalt  is  mined  out  in  masses  of  from  1 
to  20  cu.  ft.,  by  means  of  long  wedges.  A  peculiarity  of  the  mining 
is  the  fact  that  all  picks  and  wedges  become  sharj^er  with  use  and 
soon  take  on  a  keen  edge.  The  asphalt  is  brittle,  is  easily  mined,  and  is 
not  sticky,  nor  does  it  run  together  in  a  solid  mass  on  being  piled  in 
the  sun.  It  is  remarkably  uniform  in  quality,  and  carries  55  to  68^^ 
of  bitumen,  of  which  but  9.24%  is  volatile  at  1 100°  Fahr.  It  is  sold  at 
the  mine  for  $20  per  ton.     The  fluxing  material  known  as  Las  Conchas 
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asphalt  is  obtained  from  an  extensive  dei^osit  along  the  sea  shore  near 
Carpenteria,  some  30  miles  east  of  the  La  Patera  mine.  It  is  richer  in 
oils  and  will  volatilize  A%  at  300°,  and  86.25%  at  1  100°  Fahr.  It  car- 
ries 12.58%'  of  non-volatile  or  "fixed"  bitumen,  besides  the  86.25% 
volatile  at  1  100=,  or  a  total  of  98.83%  of  bituminous  matter,  and  1.17% 
of  mineral.  The  process  of  extracting  it  from  the  sand  in  which  it 
is  found  is  by  passing  it  through  a  long  cylinder  of  peculiar  construc- 
tion, called  a  "cochleon,"  which  is  made  to  revolve  in  a  vat  of  boiling 
water.  The  sand  passes  out  of  the  end  of  the  cylinder  clean  and 
white,  while  the  asphalt  floats  to  the  surface  of  the  water,  and  is  then 
specially  treated  with  hot  compressed  air  to  drive  off  the  moisture.  It 
is  shii^i^ed  in  barrels,  and  is  a  viscous  mass,  of  somewhat  less  fluidity 
than  "  cold  molasses  "  in  ordinary  summer  temperature. 

In  preparing  the  mastic  for  coating  the  reservoir,  the  proportion 
of  the  La  Patera  asphalt  and  Las  Conchas  flux  used  was  about  78% 
of  the  former  to  22%  of  the  latter.  It  was  boiled  in  open  kettles  for 
about  twelve  hours,  at  a  temperature  of  250°  to  300^^,  and  frequently 
stirred,  to  jDrevent  burning  or  sticking  to  the  bottom.  The  sediment 
that  settled  to  the  bottom  of  the  kettle  was  removed  with  long-handled 
shovels,  and  used  later  on  in  another  j^oi-tion  of  the  work  for  an  asphalt 
concrete.  For  the  first  coat,  20%  by  weight  of  this  mastic  was  mixed 
with  80%  of  sand  (previously  heated  to  the  same  temj^erature),  in  a 
cylinder  provided  with  strong  paddles.  The  mixing  occupied  about  two 
minutes,  when  the  charge  was  dumped  into  a  cart  standing  underneath 
the  mixer,  whence  it  was  conveyed  to  the  bottom  of  the  reservoir  and 
there  dumped  upon  wooden  platforms,  and  thence  taken  in  hot  scoops 
to  the  sj^ot  where  it  was  applied.  The  spreading  and  raking  were  sim- 
ilar to  that  described  in  the  other  reservoir,  but  the  compression  of  the 
asphalt  was  accomplished  by  means  of  hot  rollers,  instead  of  cold 
rollers,  tamping  irons  and  smoothers,  a  method  which  accomplished 
the  work  in  a  superior  manner  to  the  former  process.  These  rollers 
are  formed  from  sections  of  cast-iron  pipe,  turned  off  smooth  upon  the 
outer  surface,  and  fitted  with  a  hanging  fire  basket  inside  the  cylinder, 
in  which  a  fire  was  maintained.  For  the  bottom  work  a  30-in.  pipe 
was  used,  and  for  the  slopes  the  pipe  was  but  1-4  ins.  on  account 
of  the  weight.  This  was  pulled  up  the  slopes  by  means  of  a  |-in. 
wire  cable,  passing  over  a  pulley  at  the  upper  end.  Six  to  seven  men 
were  required  to  manipulate  this  roller,   besides   a   man  to  guide  it 
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with  a  long  handle.  The  result  of  hot  rolling  was  to  consolidate 
the  sheet  of  asphalt  into  a  comj)act  mass,  driving  out  the  air  and  jiro- 
ducing  more  perfect  cohesion  of  the  particles  than  is  i^ossible  by  tamp- 
ing, ironing  or  cold  rolling;  for  the  reason  that  the  asphalt  is  worked 
while  it  is  still  hot,  and  the  roller  passes  over  it  so  quickly  and  presses 
it  so  thoroughly  that  it  has  no  oj^portunity  to  chill  or  cool  off  before  it 
is  compressed,  and  the  hot  roller  keeps  up  its  temperature  until  the 
work  of  consolidation  is  complete.  Hot  rolling  is  as  essential  to  per- 
fect work  in  asphalt  as  thorough  tamping  is  to  successful  results  in 
cement  concrete. 

The  weight  of  the  mixture  of  asphalt  and  sand,  after  being  com- 
pressed, was  found  to  be  127  lbs.  per  cubic  foot.  The  total  surface  area 
covered  below  the  roof  line  was  143  667  sq.  ft. ,  requiring  2  302  837  lbs. 
of  the  mixture,  or  about  16  lbs.  per  square  foot.  This  gave  an  average 
thickness  of  the  sheet  of  1.53  ins.  The  sheet  of  asphalt  was  pinned  to 
the  slopes  in  a  similar  manner  to  that  employed  in  the  other  resei-voir, 
the  pins  being  driven  1  ft.  apart  in  alternating  rows,  except  when 
the  shale  was  too  hard  to  admit  of  the  strap  irons  being  driven  into  it. 
This  occurred  over  about  one-fifth  of  the  area,  and  there  heavy  sixty 
penny  steel-wire  spikes  were  driven  somewhat  closer  together. 

The  second  or  jjaint  coat  of  pure  asjihalt  was  applied  after  the  first 
coat  was  completely  finished,  and  was  thoroughly  ironed  with  red-hot 
smoothers,  to  secure  as  perfect  adhesion  with  the  first  coat  as  possible. 
This  result  was  attained  perfectly,  except  in  spots  where  dirt  had  be- 
come ground  into  the  surface  of  the  first  coat  by  the  tramping  of 
muddy  boots  after  rain.  The  most  satisfactory  way  to  insure  a  per- 
fect contact  and  cohesion  of  the  two  coats  is  undoubtedly  to  apply  the 
second  coat  immediately  after  the  first  is  laid  and  while  the  latter  is 
still  warm  and  clean,  but  there  were  many  little  reasons  and  objec- 
tions raised  by  the  "expert  foreman"  to  this  method  of  doing  the 
work,  which  might  have  been  overcome  and  should  be  overcome  in 
the  execution  of  any  similar  work,  to  insure  the  most  perfect  results. 
The  thickness  of  the  second  coat  is  from  -g^  to  ^  in.  It  has  a  leathery 
consistency,  toughness  and  elasticity,  and  although  it  manifests  a  ten- 
dency in  warm  weather  to  creep  and  gather  in  wrinkles  down  the  slopes 
in  both  reservoirs,  it  never  breaks,  and  remains  impervious  to  water. 
The  total  amount  of  asj)halt  used  on  the  second  coat  of  the  East 
Keservoir  was  178  470  lbs.,  or  1.24  lbs.  per  square  foot. 
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The  cost  of  materials  was  as  follows  : 

Pirst  Coat 8 .  98  cents  per  sq.  ft. 

Second  Coat 2.48     "       ''■     "     " 

Total 11.46     "        "     "     " 

Labor,  fuel,  spikes,  etc.,  cost  for  both  coats 1.99     "        "     "     " 

Total  cost  for  labor  and  materials . .  13.45  "  "  "  " 
When  the  interior  lining  of  the  East  Eeservoir  was  finished,  the 
slopes  above  the  roof  line  of  both  reservoirs  were  covered  ■w'ith  a  heavy 
coating  of  asphalt,  2^  to  3  ins.  thick.  This  was  carried  entirely 
over  the  top  of  the  embankment  between  the  two  reservoirs,  and  for  a 
width  of  5  ft.  over  the  top  of  the  banks  surrounding  them,  form- 
ing a  substantial  pavement  or  pathway  entirely  around  each,  at  a  cost 
of  ^4  218  59  for  materials  and  about  $700  for  labor. 

The  total  expenditure  on  both  reservoirs  on  account  of  asphalt  work 
was  848  498  69,  or  about  81  100  per  1  000  000  gaUons  of  storage  capacity. 
A  reasonable  estimate  of  the  cost  of  lining  these  reservoirs  in  an 
equally  substantial  manner  with  cement  concrete,  brick  or  stone,  ex- 
ceeds this  figure  100^^,  although  this  was  not  the  chief  motive  for 
adopting  asphalt  in  preference  to  other  materials. 

At  the  time  the  West  Eeservoir  was  lined,  the  embankments  were 
fresh  and  had  been  hastily  constructed  ;  the  reservoir  was  imperatively 
needed  for  immediate  service,  and  a  material  for  lining  was  required 
that  would  stand  the  vicissitudes  of  the  emergency  without  serious 
impairment.  The  result  proved  the  wisdom  of  the  choice,  as  settle- 
ment did  occur,  although  not  as  great  as  was  anticiijated.  A  fissure 
was  opened  in  the  lining  about  10  ft.  below  the  roof  line  on  the 
highest  part  of  the  made  bank,  the  crack  being  some  6  ins.  wide  and 
100  ft.  LQ  length,  but  it  was  repaired  without  dra^sing  the  water  ofi", 
at  an  expense  of  §20.  During  the  past  winter  a  severe  test  was  ap- 
plied to  the  lining  to  prove  its  tenacity  and  hold  iipon  the  bank.  Ice 
formed  to  the  thickness  of  18  ins.  when  the  water  stood  within  8 
ft.  of  the  top,  and,  while  it  was  frozen  fast  to  the  lining  all  around, 
the  water  was  lowered  and  raised  again  3  to  4  ft.,  without  the 
slightest  injury  to  the  asphalt.  There  was  not  the  same  urgent  reason 
for  lining  the  East  Eeservoir  with  a  flexible  material,  as  the  embank- 
ments had  a  year's  settlement  and  were  reasonably  solid ;  but  with  a 
year's  experience  in  the  West  Eeservoir,  and  a  feeling  of  confidence  in 
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being  able  to  imiirove  upon  the  method  of  lining,  as  well  as  upon  the 
materials  and  mixtures,  there  seemed  no  good  reason  to  change  for  a 
more  costly  lining. 

A  few  of  the  special  difficulties  encountered  in  the  work  may  be  of 
interest  in  the  way  of  suggestion.  A  small  quantity  of  seejjage  water, 
following  the  seams  in  the  shale  near  the  bottom  of  each  reservoir,  had 
to  be  taken  care  of,  and  caused  no  little  annoyance.  It  was  insigni- 
ficant in  quantity — not  exceeding  1  gall,  per  minute  in  all — and  was 
disposed  of  by  cutting  deep  drains  in  the  bottom  and  up  the  slopes  as 
high  as  the  moisture  appeared,  filling  them  about  1  ft.  deep  with 
broken  stone,  covering  them  with  plank,  and  then  ramming  in  earth 
to  the  top.  These  drains  converged  to  collecting  wells,  into  which 
short  sections  of  12-in.  cast-iron  pipe,  with  the  bell-ends  turned  up- 
ward, were  inserted,  and  these  were  kept  baled  out  during  the  jiro- 
gress  of  the  work.  The  asphalt  was  brought  up  to  these  pijies,  and 
well  cemented  to  them.  When  the  lining  was  completed,  these  pipes 
were  capi^ed  with  light  cast-iron  plates,  fitting  into  the  bells,  in  the 
center  of  which  was. placed  a  2-in.  flap  valve  made  of  sole  leather, 
with  an  iron  disc  on  top  to  hold  it  in  place  against  a  pressure  of  a  few 
ounces.  These  are  sufficient  to  admit  the  water  freely  into  the  reser- 
voir when  it  is  empty,  without  exerting  any  appreciable  lift  upon  the 
asphalt  sheet,  while  they  will  close  to  prevent  leakage  when  the 
pressure  in  the  reservoir  exceeds  that  of  the  subsoil  waters.  There 
are  about  15  of  these  valves  in  the  two  reservoirs.  They  seem  to 
serve  in  a  satisfactory  manner  the  purpose  for  which  they  were 
designed. 

The  crumbling  of  the  surface  of  the  slopes,  when  dry,  especially 
after  a  little  rain,  caused  no  little  inconvenience,  as  the  dirt  rolling 
down  would  become  mixed  with  the  hot  asphalt  as  it  was  being 
applied  to  the  slopes.  To  remedy  this,  a  portion  of  the  slojjes  of  the 
East  Reservoir  was  plastered  with  a  thin  coat  of  cement,  lime  and 
sand  mortar,  about  -^  in.  thick.  This,  when  dry,  made  a  smooth, 
clean  surface  on  which  to  lay  the  asphalt.  The  writer  is  inclined 
to  the  opinion  that  wherever  asphalt  is  used  on  earth  slopes  of 
reservoirs,  this  preliminary  plaster  coat  should  in  all  cases  be 
applied;  and  it  should  be  laid  with  care,  nearly  1  in.  thick,  the  cost 
of  which  should  not  exceed  five  cents  jjer  square  yard.  On  this  should 
then  be  spread  a  thin  coat  of  liquid  asphalt,  similar  to  the  finishing 
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coat,  as  the  foundation  for  the  paving  mixture  with  sand,  which  latter 
may  adyantageouslr  be  reduced  in  quality  to  about  16%  of  mastic  to 
84:^^  of  sand.  This  method  of  lining  would  render  the  paving  coat 
impervious  to  subsoil  water  as  weU  as  to  the  water  of  the  reservoir, 
and  thus  preserve  it  from  the  slight  tendency  to  softening  under  the 
action  of  water,  wherever  compression  is  not  perfectly  accomplished, 
and  the  sheet  is  at  all  porous.  The 'finishing  coat  of  liquid  asphalt 
reaUy  constitutes  the  lining.'  The  paving,  or  body  coat  of  asphalt 
and  sand,  which  is  a  body  for  the  finishing  coat  tc  cling  to,  is  only 
impervious  to  water  where  compression  is  absolutely  perfect. 

With  the  utmost  care  there  wiU  always  occur  spots  where  com- 
pression is  imperfect,  due  to  a  variety  of  causes,  most  potent  of  which 
is  inequality  of  cooking,  the  occasional  burning  of  a  batch,  the  applica- 
tion of  it  at  too  low  a  temperature,  the  slight  yielding  of  the  founda- 
tion, the  use  of  tools  insiifficiently  hot,  etc.  For  this  reason,  the 
Avriter  recommends  that  the  body  coat  be  laid  between  two  coats  of 
the  liquid  or  pure  asphalt.  By  "pure  "  is  meant  a  mastic  containing 
at  least  75  to  80%  of  bitumen.  Under  these  conditions,  and  with  the 
exercise  of  watchful  care  over  every  stage  of  the  work,  the  writer 
believes  that  a  reservoir  lining  may  be  made  with  asphalt  that  will  be 
of  indefinite  serviceability. 
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THE    INCREASING    COST    OF    RAILWAY    TIE 
RENEWALS. 


By  Benjamin  Eeece,  M.  Am.  Soc.  C.  E. 
Bead  Septembee  7th,  1892. 


WITH  DISCUSSION. 


In  directing  his  attention  to  the  close  details  of  technical  investiga- 
tion, it  is  incumbent  on  the  engineer  to  keej^  in  mind  those  broader 
lines  of  inquiry  involving  questions  of  industrial  availability  and  com- 
mercial policy.  Partial  neglect  of  such  studies  has,  in  a  measure,  im- 
paired the  influence  of  the  profession;  whereas,  proper  attention  to 
them  has,  in  many  individual  cases,  received  deserving  recognition 
with  ample  remuneration  and  enduring  fame. 

The  engineer,  by  his  training  and  logical  methods  of  thought,  is 
esjjecially  fitted  to  give  direction  to  the  commercial  and  industrial 
enterprises  of  the  day;  yet,  generally,  specialized  promotors  appear 
who  conceive  of  wants,  promulgate  projects,  and  interest  capitalists  to 
their  own  added  importance  and  enrichment,  while  the  engineer  whose 
professional  skill  is  called  in  for  the  development  of  the  necessary 
plans  and  economical  execution  of  the  work,  is  but  meagerly  rewarded, 
and  his  ability  begrudgingly  admitted. 


I 
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It  is  part  of  tlie  engineer's  duty  to  deal  with,  men  as  well  as  with 
things,  to  impress  mind  as  well  as  matter,  and  to  give  direction  no  less  to 
mental  than  to  physical  forces.  It  is  not  enough  that  we  formulate 
accurate  and  well-considered  plans,  and  determine  upon  the  best 
methods  of  construction;  for  those  who  control  the  purse-strings  must 
also  be  convinced  of  their  availability,  and  it  is  to  little  purpose  that 
economical  methods  are  devised  and  jierfected  unless  the  directing 
managers  are  impressed  with  their  utility. 

This  Society,  no  less  than  its  individual  members,  long  since  pre- 
dicted the  growing  importance  of  railway  tie  renewals.  Still,  the 
question  has  not  yet  impressed  the  majority  of  railway  managers  to 
an  extent  sufficient  to  induce  intelligent  and  well-considered  action. 
It  is  for  the  purpose  of  calling  attention  to  the  commercial  importance 
of  this  question  that  the  author  has  collated  the  figures  which  are 
herein  tabulated.  In  the  figures  given  Avill  appear  a  complete  justifi- 
cation of  that  policy  which  several  years  ago  led  this  Society,  through 
its  special  committee,  to  examine  into  various  processes  for  the  pre- 
servation of  ties  as  well  as  other  forms  of  timber;  and  they  also  afi'ord 
ample  vindication  of  the  wisdom  of  that  judgment  which  long  since 
anticipated  and  sought  to  avert  the  conditions  which  they  disclose. 

The  aggregate  cost  of  rail  renewals,  as  compared  with  the  expense 
of  tie  renewals  for  the  lines  reporting  to  the  respective  railway  com- 
missions of  the  States  of  Michigan  and  Iowa,  will  be  found  in  the 
tables  following: 

The  Aggkegate  and  Proportionaii  Yeaklt  Cost  of  Eatlroad  Tie 
Renew AXiS  for  PRiNdPAL  Katlwavs  Eeporting  to  the  Railway 
Commission  of  Michigan. 


Rails. 

Ties. 

Ratio. 

BaiU. 

Ties. 

1880 

$2  251  915 

$952  690 


100 

ioo 

100 
100 
109 
100 
100 
100 
100 
100 

042 

1881 

1882 

2  057  740 
1904  380 
1  628  269 
851480 
943  323 
981  655 
861017 
812  730 
975  461 

1  162  445 
1  483  189 
1  537  328 
1  461  798 
1  223  997 
1  278  974 
1  421  681 
1  t;oo  %9 
1  496  169 

057 

1883 

078 

1884 

094 

1885 

172 

1886 

130 

1887 

1-29 

1888 

165 

1889 

197 

1890 

153 
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The  Aggregate  and  Propoktional  Yearly  Cost  of  Railroad  Tie 
Renewals  for  Railways  Reporting  to  the  Commission  of  Rail- 
ways OF  Iowa. 


Year  ending 

Bails. 

Ties 

Ratio. 

Kails. 

Ties. 

June  30th,  1884 

$1  751  142 
1  557  044 
1  689  883 
1  852  468 
1  313  347 
968  008 
1216  213 
1  279  789 

$1  786  645 

1  839  056 

2  119  935 
1  974  266 

1  906  019 

2  219  006 
2  274  089 
2  489  181 

100 
100 
100 
100 
100 
100 
100 
106 

102 

1885  . 

118 

1886 

126 

'•     1887 

107 

1888 

•'     18s9 

145 

228 

"     1890 

187 

"     1891 

194 

$11  627  894 

$16  608  197 

100 

143 

Tlie  commercial  importance  of  improved  rails  was  early  impressed 
upon  the  minds  of  railway  managers  as  well  as  of  members  of  our  pro- 
fession, and  twenty  years  ago,  when  the  traffic  of  our  great  trunk  lines 
showed  but  a  fraction  of  the  present  tonnage,  the  substitution  of  steel 
rails  for  iron  had  passed  the  initial  stages  of  experiment,  and,  to  a. 
greater  or  less  degree,  had  become  the  fixed  policy  of  many  systems. 

The  constant  eflfort  of  the  mills  to  reduce  the  first  cost  of  the  product 
had  so  lowered  the  quality  of  iron  rails,  that,  under  the  traffic  of  that 
period,  in  certain  exposed  points,  annual  and  even  semi-annual  renewals 
of  rail  were  by  no  means  infrequent.  So  that,  on  lines  of  the  heavy 
traffic  of  that  time,  the  cost  of  rail  renewals  was  ruinously  large;  nor 
was  this  all,  for  the  labor  required  to  relay,  change,  and  cut  in  ther 
iron  rails  constituted  an  item  of  expense  the  magnitude  of  which 
would  be  hardly  credited  by  those  whose  experience  in  maintenance  of 
way  has  been  confined  to  recent  years.  The  high  cost  of  maintenance 
at  that  time  was  met  by  the  relatively  high  freight  rates  which  then 
prevailed. 

Let  us  take  the  Lake  Shore  and  Michigan  Southern  Railway  as  a 
typical  Trunk  Line.  By  reference  to  the  very  complete  rej^ort  of  that 
line  for  the  year  1891,  we  find  that  the  average  freight  rate  in  1872  was 
1.374  cents  per  ton  per  mile  as  against  0.628  cents  per  ton  per  mile  in 
1891,  while  the  actual  cost  per  ton  per  mile  of  freight  in  1872  was  0.920 
cents,  or  nearly  50  per  cent,  more  than  the  freight  rate  charged  in  1891, 
and  more  than  double  the  cost  per  ton  per  mile  in  1891,  the  same  being 
0.456  cents. 
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It  is  worthy  of  note  that  if  the  Lake  Shore  and  Michigan  Southern 
Bailway  had  received  for  freight  handled  in  1891  as  much  per  ton 
per  mile  as  it  cost  that  company  to  perform  the  service  in  1872,  the 
surplus  earnings  of  that  line  would  have  been  increased  by  §6  332  683, 
which  would  have  given  an  aggregate  of  19j  per  cent,  available  for 
dividends.  Upon  the  other  hand,  if  the  cost  per  ton  per  mile  in  1891 
had  been  as  high  as  in  1872,  instead  of  showing  surjjlus  earnings  equal 
to  6-iW%  of  its  capital  stock,  the  Lake  Shore  report  would  have 
shown  a  deficit  of  nearly  ^3  000  000. 

The  panic  of  1873,  and  the  inauguration  of  adverse  granger  legis- 
lation in  1874,  caused  the  advent  of  a  new  era  in  railway  management, 
in  which  the  introduction  of  wise  economies  became  an  essential  to 
prosi^erity.  Continuing  through  this  jjeriod,  our  examination  of  the 
cost  i^er  ton  per  mile  on  the  Lake  Shore  and  Michigan  Southern  Rail- 
way, as  tabulated  in  its  22d  Annual  Report,  we  find  that  in  1874  the 
cost  per  ton  jaer  mile  had  been  reduced  to  0. 767  cents,  and  still  further 
to  0.474  cents  in  1878,  from  which  time  it  fluctuated,  falling  as  low  as 
0.398  cents  in  1879,  and  rising  as  high  as  0.479  cents  in  1889;  and  in 
spite  of  the  fact  that  the  cost  per  ton  per  mile  of  the  past  few  years 
has  been  measurably  increased  by  the  large  sums  expended  for  jjer- 
manent  improvements,  which  have  been  included  in  operating  ex- 
penses, the  cost  per  ton  jjer  mile  never  again  reached  the  point  of  five 
mills  per  ton  per  mile. 

These  figures  have  been  presented  to  show  the  remarkable  econo- 
mies which  were  jiut  into  operation  during  the  seventies,  and  closely 
following  the  general  introduction  of  steel  rails  for  renewals,  which,  in 
a  very  marked  degree,  made  such  reductions  possible.  Indeed,  it  may 
be  positively  asserted  that  Bessemer's  invention  accelerated  the  exten- 
sion of  our  railway  systems,  and  made  the  cultivation  of  farm  lands  in 
the  Interior  and  remote  Western  States  and  Territories  sxifiiciently 
l^rofitable  to  render  the  early  and  ra})id  settlement  of  those  sections 
possible. 

In  view  of  the  marked  difiference  shown  in  the  declining  cost  of 
rails  and  the  increasing  cost  of  ties,  one  cannot  but  be  impressed  -svith 
the  great  contrast  which  has  attended  the  consideration  of  these  two 
important  materials  which  enter  into  maintenance. 

From  the  day  of  their  earliest  introduction  to  the  present  time  the 
history  of  our  steel  rails  has  been  carefully  followed.     The  date  of  lay- 
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ing  has  been  recorded,  the  location  accurately  plotted,  and,  when 
taken  out,  the  cause  of  removal  has  been  stated,  and,  not  infre- 
quently, the  chemical  composition  determined.  As  to  the  weight  and 
form  of  rail  section,  chemical  composition,  and  methods  of  manufac- 
ture, the  engineer  and  metallurgist  have  not  only  been  consulted,  but, 
with  scarcely  any  imposed  restrictions,  have  been  permitted  to  direct 
their  development;  and  notTvithstanding  the  fact  that  much  of  our 
knowledge  has  been  empirically  attained,  and,  in  spite  of  the  growing 
use  of  heavier  rail  sections,  our  rail  renewals  have  been  and  continue 
to  be  a  constantly  diminishing  item  of  expense. 

With  ties,  the  reverse  is  seen  to  be  the  case,  both  as  to  methods  and 
results;  they  have  never  been  accorded  the  attention  they  deserve,  and 
the  practical  consideration  of  the  questions  involved  have,  in  large 
measure,  been  denied  to  the  engineer,  whose  recommendations  have 
been  neglected  or  rejected;  and  the  increasing  cost  of  tie  renewals,  to- 
gether with  the  added  labor  which  more  frequent  changes  require,  is  a 
steadily  aiigmenting  factor. 

In  the  several  conversations  which  suggested  this  line  of  inquiry, 
the  author  found  that  while  the  growing  importance  of  the  increasing 
■cost  of  tie  renewals  was  vaguely  recognized,  yet  but  few  realized  its 
magnitude,  or  were  aware  of  the  high  cost  of  tie  as  compared  viith.  rail 
Tenewals.  In  the  tables  which  follow,  the  author  has  given  a  compari- 
son of  the  cost  of  tie  and  rail  renewals  for  several  lines,  which  were  es- 
pecially selected  because  he  was  able  to  secure  a  more  comjalete  record 
of  them.  While  he  has  been  able  to  collect  fragmentary  data  of  many 
Eastern  lines  showing  the  same  general  tendency,  figures  were  not 
complete  and  connected  enough  to  tabulate,  and  the  time  did  not  atl- 
mit  of  delay  for  the  collection  of  further  figures.  To  avoid  undue 
length  and  complexity  of  tables,  average  yearly  costs  are  given  for 
groups  of  each  three  or  four  years  as  indicated  in  the  tables. 

1  indicates  that  tables  were  compiled  from  data  collated  by  the 
Poor  Manual  Co. 

2  indicates  tables  compiled  from  the  Bailway  Commissioners' 
Beport  for  the  State  of  Michigan. 
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AVEKAGE   AnNTJAL   CoST   OF   KaIXS   AND   TiES    FOB   THE   GROUPS   OF    YEAKS 
FOB  THE   SEVERAIi  EaILWAYS  DESIGNATED.       AxSO  PeOPOBTIONAL  CoST 

OF  Tie  to  Kaxl  Renewals  for  same  pebiod. 


Union  Pacific  Railway. 


Avebage  Anntjai,  Cost. 

Batio. 

Yeabs. 

Rails. 

Ties. 

Bails. 

Ties. 

1878-81 

$028  529 
303  377 
1*»8  715 
134  978 

$350  189 
348  374 
367  895 
400124 

100 
100 
100 
100 

37 

1882-85 

1886-89 

115 
195 

1890-91 

296 

Union  Pactfic  System. 


1884-86 

1887-89 

$289  143 
366  199 
371  610 

$407  525 

735  080 

1035  860 

100 
100 
100 

140 
201 

1890-91 

279 

1. 


Atchison,  Topeka  and  Santa  Fe. 


1884-86 S294734 

$197  973 
350  583 
265  579 

100 
100 
100 

67 

1887-89 

1890-91 

'           201  666 

,           103996 

174 
255 

Nobthebn  Pacific. 


1S80-81 

$78  774 
88  313 
43  436 

150  719 

$114  052 
140  237 
317  106 
600  639 

100 
100 
100 
100 

146 

1882-85 

1886-89 

158 
7;«) 

1890-91 

398 

1. 


Chicago,  Milwaukee  and  St.  Paul. 


1S84-86 

1887-89 

$616  418 
455  327 
366  287 

$494  068 
644  262 
732  868 

100 
100 
100 

80 
Ul 

1890-91 

200 
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LothsvujIjE  and  NASH\^IJLE. 


1881-84 

$664  6-20 
373  254 
195  426 

$309  022 
381  718 
422  935 

100 
100 
100 

47 

1885-88 

102 

1890-91 

216 

ElCHMOND  AND  DaNVHjLE  EaUjBOAD — R.    AND  D.   DIVISION. 


1878-81  

$74  332 

44  887 
59  410 

45  1C8 

$30  045 
23  433 
69  843 

109  100 

100 
100 
100 
100 

40 

1882-85 

52 

1886  89 

117 

1890-91 

242 

Phtladelphia  and  Reading. 


1883-85 

$503  859 
276  072 
119  266 

$369  622 
260  554 
328  497 

100 
100 
100 

73 

1886-88 

98 

1890 

289 

2. 


Chicago  and  Nobthwestern. 


1879-82, 

1883-85, 
1886-88, 
1889-90 


$446  304 
310  458 
256  677 
193  210 


$272  760 
314  462 
367  493 
432  225 


L.  S.  AND  M.  S.  Railway. 


1879-82, 
1883-85. 
1886-88, 
1889-90. 


$362  668 
195  584 
225  565 
313  183 


$292  094 
335  987 
311  363 
348  856 


Michigan  Centkal. 


1879-82, 
1883-85. 
1886-88, 
1889-90, 


$348  974 
172  029 
161  577 
159  335 


$146  979 
229  636 
240  102 
198  527 


42 
133 
148 
125 
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The  records  of  the  several  lines  here  tabulated,  although  -nidely 
separated,  disclose  the  same  general  tendency  as  regards  the  cost  of 
tie  and  rail  renewals.  The  range  of  inquiry  is  necessarily  limited  to 
the  past  10  or  12  years,  for  not  until  the  late  seventies  and  early 
eighties  were  tie  renewals  treated  as  a  distinct  account ;  they  were  pre- 
viously included  in  the  cost  of  maintenance  of  roadway  and  track. 

It  will  be  noticed  that  with  a  remarkable  degree  of  uniformity  the 
cost  of  rail  renewals  in  the  seventies  largely  exceeded  the  cost  of  ties. 
The  accounts  nearly  balanced  at  about  the  year  1884,  since  which  time 
the  decreasing  cost  of  the  one  and  the  constantly  increasing  outlay  for 
the  other  has  made  the  expense  of  tie  renewals  amount  to  more  than 
double  the  cost  of  rail  renewals. 

The  author  has  drawn  this  jjarallel  between  tie  and  rail  renewals 
because  the  same  objections  were  urged  against  the  substitution  of  steel 
rails  for  iron  as  are  now  brought  forward  against  methods  which  prom- 
ise ultimate  saving  in  tie  renewals.  In  1872  the  cost  of  steel  rails  was 
about  $120  per  ton,  while  iron  rails  could  be  purchased  for  about  870 
per  ton,  a  difference  of  nearly  85,000  per  mile  of  track  laid  with 
€0-lb.  rails.  But  these  figures  do  not  adequately  show  the  great 
difference  which  was  then  supposed  to  exist  between  the  rails  of  the 
two  metals,  for  while  the  iron  rails  removed  could  be  sold  for  ajJi^roxi- 
mately  835  per  ton,  the  scrap  steel  rails  were  accorded  no  commercial 
value  whatever,  and  it  was  not  until  later  that  they  found  a  market. 
Thus  the  figures  of  that  day  showed  a  net  cost  for  steel  rails  of  8120 
jjer  ton  as  comj^ared  with  a  net  cost  for  iron  rails  of  835  per  ton. 
That  this  argument  was  ultimately  outweighed  is  a  fact  of  record,  and 
with  what  beneficent  results  is  a  matter  of  general  knowledge  and 
consent. 

In  the  light  of  such  facts  is  it  not  strange  that  on  many  lines  where 
a  requisition  for  a  few  kegs  of  spikes  is  passed  through  several  hands  for 
scrutiny  and  apj^roval,  orders  for  several  hundred  thousand  ties  are 
accepted  and  approved  on  sight;  and  it  is  by  no  means  infrequent  that, 
while  the  estimate  for  rails  for  repairs  is  measurably  reduced  or  cut  in 
two,  the  estimate  for  ties  is  sometimes  increased  on  general  prin- 
cijiles,  as  if  in  deference  to  the  long-sustained  impression  of  cheap 
ties,  which  took  root  at  an  early  day  and  continues  still  to  flourish. 

It  is  certainly  a  marvel  in  the  keen  struggle  for  survival  in  which 
relentless  rate  wars  have  been  waged,  grades  reduced,  motive  power 
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made  heavier,  the  ratio  of  paying  to  dead  loads  increased,  and  the 
speed  of  trains  accelerated,  that  so  little  attention  has  been  paid  to 
questions  involving  improved  methods  looking  to  a  reduction  in  the 
cost  of  tie  renewals.  As  a  logical  sequence  of  comparative  inatten- 
tion, tie  expenses  are  constantly  augmenting,  while  to  the  deteriora- 
tion of  track  due  to  the  softening  of  ties  from  incipient  decay,  and  to 
the  more  frequent  changing  of  the  ties,  much  of  the  expense  of  section 
labor  which  is  expended  on  our  tracks  can  be  charged. 

Without  any  doubt,  a  marked  saving  could  be  derived  by  preventing 
the  premature  removal  of  comparatively  sound  ties  from  the  track. 
The  section  foreman  can  give  no  adequate  reason  for  such  removals, 
and  when  his  attention  is  called  to  them  he  finds  refuge  in  manifold 
excuses  or  prevarication.  During  the  past  few  years  this  premature 
removal  has  received  the  earnest  attention  of  the  Chief  Engineer's 
Department  of  the  Michigan  Central  Railway,  and  the  tabulated  fig- 
ures for  that  line  which  appear  on  page  646  show  that  policy  to  have 
wrought  a  gratifying  reduction  in  the  cost  of  tie  renewals. 

There  is  but  little  doubt  that  upon  our  railways  in  general  a  very 
considerable  amount  of  money  could  be  saved  by  the  introduction  of 
systematized  checks  upon  the  section  men  to  prevent  such  premature 
removal,  and  by  the  institution  of  well-devised  plans  for  preparing 
careful  estimates  for  each  succeeding  season's  wants. 

The  increasing  cost  of  tie  renewals  is  the  result  of  several  causes, 
the  most  important  of  which  can  be  summarized  as  follows,  viz. :  the 
gradual  increase  in  price  of  timber,  exhaustion  of  neighboring  sources 
of  supply,  and  increase  in  distance  hauled;  the  marketing  of  the  best 
timber  so  that  the  poorer  qualities  are  cut  for  ties;  the  greater  tendency 
to  cut  under  rail  flanges,  because  of  increased  wheel  pressure  and 
growing  traflflc;  additional  spike  killing  due  to  regauging  and  kindred 
causes.  By  no  means  the  least  cause  of  shortened  life,  however,  is  a 
lowering  standard  of  inspection  designed  to  minimize  the  price  per  tie. 
The  author  has  often  seen  undersized  ties  accepted  by  inspectors 
on  the  ground  that  the  young  timber  was  tough,  fibrous  and  better 
fitted  to  resist  decay.  After  use  in  track  for  a  couple  of  years  the 
sap  wood  of  such  ties  rots,  and  their  size  becomes  so  reduced  that, 
unless  vigilantly  watched,  the  section  men  remove  them  without  refer- 
ence to  their  soundness;  hence,  the  purchase  of  such  ties  is  generally 
attended  with  loss. 
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No  attempt  has  been  made  to  analyze  the  figures  here  presented,  as 
the  detailed  facts  essential  to  a  perfect  understanding  of  them  are  not 
to  be  found  in  the  general  statements  to  which  the  author  has  had 
access.  His  purpose  is  to  call  attention  to,  and  to  emphasize,  a  condi- 
tion which  it  is  believed  has  not  yet  been  fully  aj)preciated.  If  this  pur- 
pose serves  to  stimulate  investigation,  to  provoke  discussion,  and  to 
induce  an  interchange  of  views,  the  tie  question  will  ultimately  receive  a 
measure  of  the  attention  which  its  magnitude  deserves.  There  is 
little  doubt  that  when  its  commercial  importance  is  once  felt,  our 
maintenance-of-way  engineers  will  be  encouraged  to  make  such  outlay 
as  the  introduction  of  jDroper  methods  and  measures  may  require,^ 
which  in  the  next  few  years  will  lead  to  a  declining  instead  of  an 
increasing  annual  cost  of  Eailway  Tie  Renewals. 


DISCUSSION 


Mendes  Cohen,  Pres.  Am.  Soc,  C.  E. — This  imjaortant  subject  of 
wear  and  renewal  of  ties  is  one  on  which  a  great  deal  might  be  said,  and 
I  hope  that  we  have  some  of  our  maintenance-of-way  men  who  can 
take  it  up. 

My  own  exi^eiience  in  that  line  leads  me  to  deem  it  one  of  the  most 
important  of  the  sources  of  wear  upon  the  railways  at  present. 

The  author  lays  stress  ui^on  taking  out  all  ties  before  they  are 
thoroughly  worn  out. 

In  former  days,  when  the  rails  were  of  iron,  it  was  thought  cheaper 
when  rails  were  to  be  renewed  to  use  new  ties  throughout  rather  than 
to  expend  labor  on  ties  partly  worn  out.  This  left  the  old  ties  with  a 
somewhat  uncertain  merchantable  value  in  the  estimation  of  people 
along  the  line  of  the  road,  who  used  them  as  fence  posts  and  to  whom 
they  were  occasionally  sold. 

It  was  difficult,  however,  always  to  make  sure  that  ties  so  used 
were  properly  acquired,  and  that  the  pressure  of  demand  had  not,  per- 
haps, stimulated  the  supi)ly,  so  that  it  soon  became  necessai'v  to  pro- 
hibit such  expropriation  of  railroad  property,  and  thereafter  all  old 
or  half-worn  ties  when  no  longer  available  for  railroad  use  were 
required  to  be  piled  and  burned. 

The  cost  of  tie  renewals  now  forms  so  large  an  item  of  railway 
maintenance  that  the  subject  is  well  worthy  of  the  closest  considera- 
tion, and  while  the  various  experiments  with  metallic  cross-ties  have 
not  thus  far  resulted  in  developing  any  marked  success,  I  have  little 
doubt  that  in  this  direction  the  solution  of  the  problem  will  soon  be 
found. 
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RicHAED  MoNTFOKT,  M.  Am.  Soc.  C.  E. — Mr.  Eeece  submits  figures 
■which  show  that  the  cost  of  tie  renewals  compared  with  the  cost  of 
rail  renewals  has  increased  to  a  remarkable  extent  during  the  past  ten 
years,  but  he  does  not  demonstrate  that  the  actual  cost  j^er  mile  of 
track  of  tie  renewals  has  increased  in  anything  like  the  same  ratio. 

His  tables  show  the  increasing  annual  cost  of  tie  renewals  on  dilTer- 
ent  railway  systems  for  successive  years,  but  do  not  show  the  increas- 
ing track  mileage  on  the  same  systems.  It  is  evident  as  the  track 
mileage  increases,  the  requirements  of  ties  will  also  increase. 

The  cost  per  ton  of  exchanging  old  rails  for  new  rails  has  decreased 
since  1880,  as  shown  by  the  following  table  taken  from  the  books  of  the 
Louisville  and  Nashville  Railroad  Company : 


Year. 

Average  price  per  ton  charged 
tor  new  steel. 

Average  price  per  ton  allowed 
tor  scrap  rail. 

Net  cost  per 
ton. 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 ♦ 

1890 

1891 

$69  24 
62  77 
61  98 
44  46 
39  10 
33  00 

32  92 

33  00 
37  01 
31  60 
35  22 
33  17 

$25  45 
27  (12 
26  36 
21  21 
19  12 

16  15 
19  09 

19  12 
18  46 

17  14 

20  61 

21  43 

$43  79 
35  75 
35  62 
23  25 
19  98 
16  85 
13  83 

13  88 
18  55 
U  46 

14  61 
11  74 

The  number  of  tons  of  new  rail  required  for  renewals  has  also  steadily 
decreased  during  the  past  10  years,  due  to  the  fact  that  light  iron  and 
steel  rails  are  being  replaced  by  heavier  steel  rails  which  have  a  much 
longer  life.  It  would  therefore  seem  that  the  results  obtained  by  Mr. 
Reece  are,  to  say  the  least  of  them,  misleading,  when  considering  "  the 
increased  cost  of  railway  tie  renewals." 

Let  us  see  what  the  average  cost  per  mile  of  tie  renewals  during  the 
past  ten  years  has  been.  I  take  the  following  figures  from  the  published 
annual  reports  of  the  Louisville  and  Nashville  Railroad  Company. 


Cost  of  renewing  ties  on  entire  line 
Length  of  main  track  and  sidings... 
Cost  per  mile 


1882-83. 


$319  666  58 
2  334.40 
$136  93 


$301  281  17 
2  338.44 
$128  83 


1884-85. 


$338  236  47 
2  348.75 
$144  07 


1885-86. 


$33  901  30 
2  310.16 
$135  88 


Cost  of  renewing  ties  on 
entire  line 

Length  of  main  track  and 
siiiiugs 

Cost    per  mile 


$409  537  48 


2  339.60  • 
$175  04 


$465  197  24 


2  884.85 
$161  25 


1888-89. 


$441  303  02 


3  006.29 
$146  79 


1889-90. 


$404  560  88 


3  047.73 
$132  74 


1890-91. 


$462  432  64 


3  615.05 
$127  91 
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Now,  compare  these  results  (which  show  the  cost  of  tie  renewals 
per  mile  to  be  less  in  1890-91  than  in  any  previous  year  back  as  far  as 
1882-3)  with  Mr.  Eeece's  figures  for  the  same  road,  which  show  the 
ratio  of  the  cost  of  ties  as  compared  with  the  cost  of  rails  inci*easing 
from  .47  in  1881-84  to  2.16  in  1890-91. 

It  may  be  urged  that  the  reason  the  increased  cost  of  tie  renewals 
per  mile  has  not  been  more  marked  is  due  to  the  fact  that  a  number 
of  branch  roads  have  been  constructed  during  the  jjast  ten  years  on 
which  the  ties  have  not  yet  needed  extensive  renewal,  and  this,  to  a 
certain  extent,  is  true.  If,  however,  we  consider  only  that  part  of  the 
old  main  line,  from  Cincinnati  to  New  Orleans,  St.  Louis  to  Nashville 
and  the  Memj^his  Line,  we  obtain  the  following  : 


Cost  of  renew  ing  ties 

Length  of  main  track  and  sidings 
Oost  per  mile 


$236  185  58 
1  766.53 
$133  70 


1883-84. 


$233  413  25 
1771.67 
$131  75 


1884-85. 


$268  450  53 
1  782.03 
$150  64 


1885-83. 


$242  523  35 
1  787.92 
$135  64 


1886-87. 

1887-88. 

1888-89. 

1889-90. 

1890-91. 

•Cost  of  renewing  ties 

Length   of   main  track    and 
sidings 

$317  505  67 

1801.31 
$170  71 

$325  844  56 

1  819.04 
$179  13 

$311  756  18 

1  826.33 
$170  70 

$280  494  30 

1  839.61 
$152  47 

$261  956  42 
1  903.77 

$137  59 

It  will  be  seen  that  the  result  does  not  differ  materially  from  that 
obtained  by  taking  the  entire  line  as  it  existed  each  year. 

A  cursory  jjerusal  of  Mr.  Keece's  paper  would  lead  to  the  conclusion 
that  the  importance  of  the  tie  question  is  unai^preciated  by  the  majority 
of  railroad  managers  "to  an  extent  sufficient  to  induce  intelligent  and 
well-considered  action,"  and  that,  with  the  exception  of  those  of  the 
Michigan  Central,  during  the  jjast  few  years  there  has  been  a  sad  want 
of  knowledge  on  the  jaart  of  railroad  officials  on  this  imjjortant  subject 
of  tie  renewals,  "which  have  never  been  accorded  the  attention  they 
deserve,  and  the  practical  consideration  of  the  questions  involved  have, 
in  large  measure,  been  denied  to  the  engineer,  whose  recommendations 
have  been  neglected  or  rejected." 

In  advocating  the  adoption  by  railroads  of  the  tie  plate  which  Mr. 
Eeece  represents,  he  doubtless  has  exceptional  opportunities  of  ob- 
taining the  \dews  of  railroad  engineers  all  over  the  country,  and  there- 
fore when  he  says,  "  In  the  several  conversations  which  suggested  this 
line  of  inquiry,  the  author  found  that  while  the  growing  importance 
of  the  increasing  cost  of  tie  renewals  was  vaguely  recognized,  yet  but 
few  realized  its  magnitude,  or  were  aware  of  the  high  cost  of  tie  as 
compared  with  rail  renewals,"  his  statements  are  worthy  of  due  con- 
sideration. 
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There  can  be  difference  of  opinion  as  to  the  importance  of  systematic 
and  careful  checks  upon  the  section  men,  to  prevent,  as  far  as  possible, 
the  premature  removal  of  ties,  and  also  of  "instituting  well-devised 
plans  for  jjreparing  careful  estimates  for  each  succeeding  season's 
wants,"  but  it  is  somewhat  startling  to  be  informed  by  Mr.  Keece  that 
"upon  our  railways  in  general  a  very  considerable  amount  of  money 
could  be  saved  by  the  introduction  "  of  such  checks  and  estimates,  and 
that  it  is  only  within  the  past  few  years  that  the  Chief  Engineer's  Depart- 
ment of  the  Michigan  Central  has  given  its  earnest  attention  to  the 
premature  removal  of  ties  and  thereby  "wrought  a  gratifying  reduc- 
tion in  the  cost  of  tie  renewals." 

On  the  Louisville  and  Nashville  Railroad  it  has  been  customary 
during  the  past  10  years,  to  prepare  estimates  prior  to  the  first  of  July ; 
these  estimates  show  the  number  of  ties  required  on  each  division  of 
the  system,  and  are  made  from  actual  count  of  ties  in  the  track  that 
should  properly  come  out  during  the  12  months  following  the  date  of 
the  estimate.  The  count  is  made  by  the  section  foremen,  checked  and 
certified  to  by  the  respective  supervisors  and  road-masters,  apjjroved 
by  the  superintendents  after  investigation,  and  forwarded  by  them  to 
the  chief  engineer,  who  is  supposed  to  have  a  general  knowledge  of 
the  condition  of  ties  on  the  entire  line. 

If  the  requisitions  difiier  widely  from  what  he  expected,  they  are 
returned  for  further  investigation  and  revision  if  necessary.  Finally, 
they  are  forwarded  to  the  general  manager  for  authority  to  contract 
for  the  ties  needed.  These  reports  and  requisitions  are  accompanied 
by  a  statement  showing  the  average  number  of  ties  per  mile  used  on 
each  division  during  the  10  years  previous,  and  where  the  number 
called  for  in  the  requisitions  appears  excessive  as  compared  with  this 
average,  explanation  is  made.  The  reports  and  requisitions  are  care- 
fully scrutinized  by  the  General  Manager  and  President  before  they 
are  finally  api^roved. 

Until  I  read  Mr.  Recce's  paper  I  had  no  idea  that  the  oflficers  of 
other  systems  of  railroads  that  are  considered  properly  managed  "ap- 
prove orders  for  several  hundred  thousand  ties  on  sight,  and  cut  in 
two  the  engineer's  estimate  for  rails  for  repairs."  Nor  have  I  ever 
known  of  a  case  where  an  estimate  for  ties  was  increased  "  on  general 
principles." 

Mr.  Reece  states  that  "  no  attempt  has  been  made  to  analyze  the 
figures  presented,  as  the  detailed  facts  essential  to  a  perfect  under- 
standing of  them  are  not  to  be  found  in  the  general  statements  to  which 
the  author  has  had  access."  This,  doubtless,  to  some  extent,  accounts 
for  the  conclusions  drawn. 

In  discussing  this  paper  I  have  confined  myself  to  the  Louisville 
and  Nashville  Railroad  exclusively,  for  the  reason  that  the  necessary 
records  are  within  my  reach.     It  is  quite  probable  an  investigation  of 
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the  records  of  many  of  the  other  roads  to  which  Mr.  Reece  refers  would 
show  similar  results,  viz.,  that  the  average  annual  cost  per  mile  of 
track  for  renewing  cross-ties  during  the  past  10  years  has  not  increased 
to  an  extraordinai-y  extent. 

BEXJAinx  Eezce,  M.  Am.  Soc.  C.  E. — This  line  of  inquiry  was 
originally  suggested  by  a  conversation  with  a  prominent  railway 
manager,  in  which  I  ventured  the  remark  that  the  cost  of  tie  renewals  had 
become  fully  equal  to,  if  not  larger  than,  the  expense  of  rail  renewals. 

The  correctness  of  the  statement  being  questioned,  we  roughly 
figured  the  relative  cost  of  ties  to  the  rail,  for  the  line  in  question,  and 
found  that  the  cost  of  tie  renewals  was  largely  in  excess  of  the  ex- 
penditures for  rails.  I  am  free  to  confess  that  the  greater  relative  cost 
for  ties  was  a  surprise  to  me,  and  I  continued  the  investigatio  n,  so  as 
to  embrace  lines  widely  separated  as  to  geographical  position  and 
climate,  and  under  varying  conditions  of  traflBc. 

The  investigation,  condensed  figures  of  which  appeared  in  the 
original  paper,  conclusively  proved  that  the  annual  expenditures  for 
ties  had  become  more  than  double  the  charges  made  for  rails,  and  that 
this  ratio  very  generally  prevailed  on  the  several  lines  examined, 
although  variously  situated  and  conditioned. 

Of  the  many  railway  officials  asked,  I  may  say  hundreds,  only  one 
replied  that  the  cost  of  the  ties  must  nearly  equal  that  of  the  rails.  In 
every  other  instance  the  cost  of  rails  for  repairs  was  declared  to  be  in 
excess  of  that  for  ties.  It  was  for  this  reason  that  I  collated  the 
figures  which  were  tabulated  in  the  original  paper,  believing  they 
would  direct  attention  to  the  growing  importance  of  the  tie  question, 
and  stimulate  more  earnest  efi"oi-ts  in  the  direction  of  greater  econo- 
mies in  that  important  branch  of  maintenance.  In  the  original  pre- 
sentation, I  contented  myself  with  a  bare  statement  of  facts  and 
studiously  avoided  any  attempt  to  draw  just  conclusions  from  data, 
too  general  in  character  for  any  satisfactory  analysis.  Nevertheless, 
figures  given  by  Mr.  Montfort,  for  the  Louisville  and  Nashville  Rail- 
way, carefully  considered,  serve  to  emphasize  the  logical  inference  of 
the  original  jiaper,  ^"iz.,  that  the  decreasing  cost  of  rail  and  the  in- 
creasing cost  of  tie  renewals,  are,  in  great  measure,  the  logical  result 
of  the  greater  attention  accorded  to  rail  than  to  tie  renewals. 

Briefly  summarized,  the  ^joints  of  Mr.  Moutfort's  criticism  are  found 
in  the  tables  showing  the  decreasing  cost  of  rails  jier  ton,  and  the  low 
rate  of  increase  in  the  cost  per  mile  for  tie  renewals,  together  with  an 
averment  that  on  well-managed  lines  the  estimates  of  ties  needed  for 
renewals  are  closely  scrutinized. 

For  the  convenience  of  analysis,  I  will  discuss  the  second  objection 
first  and  will  endeavor  to  make  plain  why  I  made  a  direct  comparison 
between  the  rail  and  tie  accounts,  without  reference  to  the  annual 
charges  for  each  based  on  mileage. 
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In  examining  the  records  of  different  lines  the  mileage  proved  to  be 
a  very  varying  quantity  ;  the  mileage  of  but  few  lines  remained 
stationary.  Some  entirely  disappeared  by  consolidation  ;  others 
showed  a  decreased  mileage  because  of  reorganizations  and  the  break- 
ing or  dividing  up  of  systems  in  consequence,  while  the  greater  number 
of  lines  showed  largely  increased  mileage,  due  to  the  absorption  of 
other  lines  and  new  constrtiction.  To  have  followed  the  history  of 
each  line  and  to  collect  the  necessary  data  bearing  ujion  the  same 
would  have  involved  an  enormous  mass  of  detail  and  information 
beyond  the  reach  of  the  writer;  but  since  ties  and  rails,  mile  for  mile, 
are  part  of  one  and  the  same  track,  subject  to  the  same  conditions  of 
service,  receiving  the  same  degree  of  attention  in  repairs,  etc. ,  there  is 
a  constant  and  logical  connection  between  the  cost  of  rail  and  of  tie 
renewals,  for  any  given  line,  whether  it  be  new  track  or  old  with  an 
increasing  or  decreasing  mileage.  But  even  then,  in  order  to  get  at 
ajjproximate  results,  it  is  found  necessary  to  group  years,  for  the  rail 
renewals  on  many  lines  are  subject  to  marked  fluctuations,  dejjending 
largely  upon  the  financial  condition  of  the  line  in  question.  The 
same,  in  less  degree,  is  true  of  ties,  a  favorable  or  unfavorable  season 
for  the  getting  out  of  ties  not  infrequently  governing  the  number 
delivered  and  available  for  use,  even  on  lines  possessed  of  ample 
means. 

Now,  it  is  evident  that,  in  attempting  to  arrive  at  the  cost  per  mile 
for  tie  renewals,  the  newly  constructed  mileage  of  the  year,  or  even  of 
four  or  five  years  previous,  should  be  excluded  in  the  computation. 
Taking  five  years  as  the  minimum  life  of  the  ties  on  the  lines  of  the 
Louisville  and  Nashville,  it  goes  without  saying  that  renewals  would 
be  required  only  for  those  lines  which  had  been  built  for  a  period  of 
five  years  or  over,  and  that  the  cost  of  tie  renewals  would  aggregate 
no  more  or  less,  whether  the  new  mileage  aggregated  5  or  500%  more 
than  the  original  mileage  of  five  years  previous. 

Now,  if  we  examine  the  figures  given  for  the  Louis\dlle  and  Nash- 
ville, and  test  them  by  this  rule,  we  find  that  from  2  310  miles  in 
1885-86  the  mileage  of  that  line  was  increased  to  3  615  miles  in 
1890-91.  If  this  increase  represents  newly  constructed  lines,  and 
much  of  it  certainly  does,  it  stands  to  reason  that  the  renewals  for 
1890-91  should  be  judged  by  the  mileage  of  1885-86  ;  in  which  event 
the  cost  of  tie  renewals  per  mile  would  exceed  $200  instead  of  only 
$128,  as  shown.  The  same  holds  true,  to  a  less  degree,  on  the  old 
main  line  of  the  Louisville  and  Nashville  system,  as  shown  in  the 
table.  It  is  also  a  fair  presumiDtion  that  in  the  opening  of  so  much 
uncut  timber  territory,  with  new  branch  lines,  that  the  more  favorable 
conditions  were  seized  upon  to  haul  to  the  main  lines  the  cheaper  ties, 
purchased  from  the  abundant  timber  lands  of  the  branches,  which  at 
once  suggests  a  most  imjiortant  factor  to  be  considered  in  any  just 
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analysis  of  this  question,  and  which  would  readily  account  for  the 
marked  and  sudden  decrease  in  the  cost  of  ties  on  the  Louisville  and 
Nashville  main  line  which  from  the  table  appears  to  have  taken  place 
between  1888-89  and  1890-91.  These  effects,  however,  are  short  lived, 
and,  when  periods  of  three  or  four  years  are  grouped  together,  are 
hardly  appreciable. 

Having  established  that  the  relative  expenditures  for  tie  and  rail 
renewals  afford  a  fair  and  logical  basis  for  comparison,  we  are  met  with 
the  criticism  that  while  the  prices  of  rails  have  been  constantly  re- 
duced, the  cost  of  ties  must  necessarily  tend  to  advance.  If  such  be 
granted,  the  ptirijose  of  the  original  paper  is  amply  vindicated,  for 
surely  watchfulness  and  attention  cannot  be  better  directed  than  to 
those  expenses  which,  in  the  very  nature  of  things,  must  tend  to  in- 
crease, while  those  which,  because  of  commercial  reasons,  show  a 
constant  diminution  can  more  reasonably  be  left  to  themselves. 

The  table  prepared  by  Mr.  Montfort  shows  the  very  remarkable 
decline  in  the  net  cost  of  steel  rails  during  the  past  10  years,  and 
had  the  table  extended  back  20  years  the  showing  would  be  still  more 
more  striking.  Is  it  not  j^ertinent  to  inquire  how  these  results  have 
been  attained  ?  During  the  early  introduction  of  steel  rails,  they  cost 
twice  the  price  of  iron  and  gave  no  promise  of  any  value  as  scrap. 
After  railway  managers  once  leaped  over  the  barriers  of  first  cost,  a 
demand  for  steel  rails  was  established,  which  led  manufacturers  to  the 
discovery  and  emj^loyment  of  new  processes,  and  the  introduction  of 
mechanical  apjjliances,  which  have  ultimately  reduced  the  cost  of  steel 
rail  to  the  low  figures  shown  in  the  table. 

In  the  early  days  of  their  application,  the  cutting  of  a  steel  rail 
constituted  an  offense  hardly  short  of  sacrilege  and  was  summarily 
punished.  During  that  same  period,  while  cross-ties  were  furnished 
without  stint  and  their  removal  largely  left  to  trackmen,  steel  rails, 
branded  and  dated,  were  laid  in  defined  locations,  which,  with  the  date 
of  laying,  was  noted  and  shown  on  the  rail  charts  of  the  road.  ^VTien 
a  rail  was  removed  from  the  track  for  cause,  a  special  report  of  the  same 
was  made  and  filed.  This  report  gave  the  brand  and  date  of  rail,  loca- 
tion in  track,  time  and  character  of  service,  together  with  the  cause 
and  description  of  failure,  in  detail.  This  was  not  infrequently  fol- 
lowed by  a  critical  examination  and  chemical  analysis,  for  a  more 
accurate  determination  of  the  cause  of  failure;  and  from  that  day  to 
this,  the  mechanical  structure  and  chemical  composition  of  our  rails 
have  received  never-wearying  attention,  which  has  led  to  constant 
scientific  research.  Is  it  any  wonder  that  the  tremendous  mental 
energy  and  nerve  force  expended  in  the  development  and  betterment 
of  our  rails  shoiild  find  their  recompense  in  the  diminished  cost  of 
rail  renewals  ? 

If  the  same  practical  and  scientific  methods  had  been  made  to  apply 
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to  the  question  of  tie  renewals,  there  wonkl  be  less  reason  to  declare 
the  increasing  cost  of  tie  renewals  to  be  founded  in  the  nature  of 
things.  Such  a  claim,  indeed,  is  an  unwarranted  assumption,  intended 
to  exciise  the  results  of  our  own  inattention. 

Without  elaborating,  mention  may  be  made  of  the  possibilities 
-which  the  chemical  treatment  of  the  chea^),  short-lived  woods  present 
for  reducing  the  cost  of  tie  renewals,  as  well  as  the  cheap  and  long- 
lived  soft  woods,  which  the  use  of  tie  or  wear  plates  render  fit  for 
service  under  the  heaviest  traffic,  while  the  frequent  regauging  of  the 
track,  so  destructive  to  ties,  can  be  measurably  avoided  by  the  use  of 
approved  appliances.  It  is  true  that  the  mechanical  and  chemical 
protection  of  our  ties  may  add  to  their  first  cost,  but  to  surmount 
that  barrier,  as  in  the  case  of  steel  rails,  means  laltimate  and  growing 
reductions  of  expenses;  whereas,  to  be  turned  aside  by  such  considera- 
tions means  that  the  increasing  cost  of  tie  renewals  will  necessarily 
continue. 

As  to  the  averment  that  on  well-managed  lines  the  estimates  of  sec- 
tion men  for  ties  are  closely  scrutinized,  and  are  subject  to  criticism 
and  amendment  by  many  officials,  I  am  in  perfect  agreement  with  Mr. 
Montfort,  and  recognize  the  care  which  is  generally  shown;  but,  unfor- 
tunately, this  scrutiny  of  the  estimates  for  ties  to  be  put  in  is  an 
entirely  different  affair  from  watching  the  ties  that  are  actually  taken 
out. 

During  my  connection  with  the  Lake  Shore  and  Michigan  South- 
ern lines,  estimates  for  ties  between  mile  posts  were  required,  and 
the  number  put  in  during  the  year  was  charged  against  each  mile,  so 
that  a  jjerpetual  and  detailed  record  was  always  at  hand.  But,  on 
occasional  handcar  rides,  I  discovered  that  the  care  and  scrutiny  exer- 
cised in  the  examination  of  the  estimates  made  up  in  the  fall  did  not 
prevent  the  premature  removal  of  ties  by  the  section  men  during  the 
following  spring  and  summer  when  the  ties  were  being  changed.  It 
was  in  consideration  of  these  observations  that  in  1879  orders  were 
issued  that  the  old  ties  be  piled  on  the  right  of  way,  to  remain  there 
until  orders  were  given  to  move  or  burn  the  same.  During  the  sum- 
mer I  made  handcar  trips  over  the  entire  line  and  examined  every  pile 
of  ties  in  detail.  I  found  hundreds  of  ties,  the  removal  of  which  the 
foreman  could  give  no  adequate  reason  or  excuse  for.  Among  200 
track  foremen  there  will  be  more  or  less  difference  of  judgment  as  to 
what  ties  should  and  should  not  be  removed,  and  during  the  trija  I 
endeavored  to  make  the  judgment  of  each  foreman  conform  with  my 
own,  as  well  as  gave  warning  to  those  lacking  in  interest  and  wanting 
in  conscientiousness. 

These  trips  were  continued  for  three  seasons  and  resulted  in  a 
reduction  of  over  ^40  000  i^er  year  for  ties,  to  say  nothing  of  the 
saving  involved   in  the   labor,  which  was  formerly   engaged  in  pre- 
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TQatiu'ely  removing  about  80  000  ties  annually.  Nor  was  this  all,  for 
the  average  condition  of  the  track  was  also  improved,  as  the  prodigal 
use  of  ties  in  the  earlv  jjart  of  the  season  left  a  deficiency  for  the 
renewals  actually  required  on  the  last  mile  or  so  of  many  track  sec- 
tions; and  unless  additional  ties  could  be  obtained,  those  portions  of 
each  section  were  inadequately  tied  and  far  below  the  theoretical  con- 
dition called  for.  To  the  present  day  the  eifect  of  this  training  is  to 
be  observed  among  the  men  of  the  Lake  Shore  and  Michigan  Southern, 
and,  by  some  of  them,  its  influence  has  been  extended  to  other  lines. 
It  was  the  adoption  later  of  a  similar  plan  which  led  to  the  gratifying 
results  on  the  Michigan  Central,  of  which  mention  was  made  in  the 
original  paper,  notwithstanding  that  for  years,  so  far  as  the  scrutiny  of 
estimates  was  concerned,  that  line  had  left  nothing  to  be  desired. 

In  the  treatment  of  our  rails,  where  the  reduction  in  expenses  has 
been  very  marked,  Ave  have  directed  attention  and  inquiry  to  the  rails 
which  were  removed  for  cause;  whereas,  with  ties,  we  have  too  often 
contented  ourselves  with  an  examination  and  analysis  of  the  estimates 
of  ties  to  be  used.  To  judge  correctly  of  the  condition  of  ties  from  the 
rear  end  of  a  moving  train  is  an  impossibility,  and  yet  detailed  ex- 
aminations by  the  engineer  are  often  prevented  by  the  jjress  of  other 
urgent  duties  which  cannot  be  postponed. 

Upon  the  Allegheny  Valley  Railroad  the  ties  are  stamped  upon  the 
ends,  the  diflferent  numerals  indicating  the  year  in  which  the  ties  were 
laid  ;  as,  for  illustration,  the  ties  laid  in  1892  are  marked  2,  those  in 
1891  are  marked  1,  and  those  in  1890  are  marked  0. 

Thus,  the  length  of  service  of  any  tie  can  easily  be  determined,  the 
general  ai)pearance  of  the  tie  being  sufficient  to  indicate  whether  a  tie 
marked  0  has  seen  two  or  twelve  years'  service.  This  very  nearly  re- 
sembles the  methods  which  have  jDrevailed  in  the  laying  of  steel,  giving 
such  marked  results,  and  for  which  further  imi)rovement  is  yet  sought. 
The  advantages  and  possibilities  for  good  which  this  method  affords 
are  manifold  and  far  reaching. 

I  know  of  tough,  sound  oak  ties  being  removed  from  the  tracks  in 
the  Chicago  yards  after  but  two  years'  service  and  upwards,  when  the 
same  ties  shoiild  be  good  for  eight  years  or  more.  How  long  would 
such  waste  continue  if  it  was  made  a  matter  of  record  that  ties  were 
thus  removed  because  of  being  cut  in  by  the  rail  flange  ?  Would  not 
a  demand  be  made  that  the  proper  remedies  be  applied  ? 

On  many  lines  of  heavy  traffic,  ties  are  removed  for  the  same  cause, 
in  from  four  years  and  upwards,  when  at  least  twice  those  years  of 
ser\-ice  should  be  secured.  Again,  large  numbers  of  otherwise  sound 
ties  are  removed  because  of  having  been  ruined  by  the  frequent  sjiiking 
necessitated  by  regauging.  Such  failures  should  also  be  recorded  and 
a  cure  provided. 

With  the  chemical  treatment  of  ties,  there  is  but  little  doubt  that  if 
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railway  managers  manifested  as  miicli  earnestness  in  securing  the 
same  economy  in  tie  renewals  as  they  have  with  rails,  that  a  re- 
cognized demand  would  stimulate  inventors  to  the  introduction  of 
new  and  cheap  processes,  which  would  speedily  tend  to  reduce  the 
Urst  cost  of  ties  as  well  as  to  conserve  the  ultimate  economies  looked 
for.  It  would  not  be  necessary  to  report  every  tie  as  in  the  case  of 
rails,  but  surely  the  engineer  or  manager  should  have  access  to  availa- 
ble data,  giving  the  life  of  his  ties  under  the  most  favorable  condi- 
tions, together  with  the  number  and  age  of  ties  i^rematurely  removed, 
with  the  cause  of  such  removal,  so  that  measures  might  be  taken  to 
stop  the  leak. 

In  the  direction  of  track  work,  I  early  learned  that  with  ties,  as 
with  rails,  improvement  could  be  better  attained  and  waste  better  pre- 
vented by  watching  the  ties  left  in  and  examining  the  ties  removed 
from  the  track  than  by  confining  one's  attention  to  the  estimates, 
which  sometimes  does  not  directly  reach  the  true  source  of  the  evil. 
My  chances  for  observation  during  the  past  three  years  have  been  of 
the  very  best  and  have  convinced  me,  more  and  more,  that  systema- 
tized methods  applied  to  the  question  of  tie  renewals  would  be  fol- 
lowed by  marked  reductions  in  expenditures.  Many  of  our  trunk 
lines  could  well  afford  to  employ  inspectors  for  their  lines  to  over- 
haul the  piles  of  ties  removed,  and  to  correct  the  trackmen's  judg- 
ment in  the  matter  of  timely  renewals,  in  which  both  iJarsimonious 
and  profligate  use  could  be  rebuked.  In  this  manner  uniformity  of 
practice  would  be  introduced  and  a  more  securely  tied  road,  at  less 
cost,  attained. 

"When  we  watch  the  removal  of  our  ties  as  closely  as  we  have 
watched  the  removal  of  our  rails,  the  cost  of  tie  renewals  will  not  con- 
tinue to  be  double  that  of  rail,  for  we  will  bestir  ourselves  to  the  in- 
troduction of  new  methods  and  api^liances  intended  to  extend  their 
time  of  usefulness,  and  we  will  no  longer  rest  contentedly  upon  the 
assumption  that  the  increasing  cost  of  tie  renewals  is  a  "natural 
consequence  "  or  a  necessary  evil  to  be  uncomplainingly  endured. 
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THE  SHONE  HYDRO-PNEUMATIC  SYSTEM  OF 
SEWERAGE.* 


By  Ukban  H.  Bkoughton,  Esq. 
Eead  December  21st,  1892. 


The  Slione  hydro-pneiimatic  system  of  sewerage  was  invented  by 
Mr.  Isaac  Slione,  Ci\dl  Engineer,  of  Westminster,  England,  in  1878,  and 
tlie  first  works  on  this  system  were  executed  in  the  year  1880,  at  East- 
bourne, England.  Since  that  date  works  upon  the  Shone  system  have 
been  carried  out  in  the  United  States,  Europe,  India  and  South 
America,  involving  an  expenditure  of  several  millions  of  dollars ;  which 
fact  may  be  taken  as  prima  facie  evidence  of  the  soundness  of  the  prin- 
cij)les  upon  which  it  is  b&sed,  and  the  durability  and  reliability  of  the 
mechanical  details  of  the  api^aratus  employed. 

Wherever  natural  gravitation  can  be  employed  to  give  a  reasonably 
perfect  system  of  sewerage,  it  is  unquestionably  the  proper  means  to 
adopt;  but  not  unfrequently  upon  the  score  of  economy,  this  natural 
force  is  stretched  to  such  limits  that  an  imperfect  and  unsanitary 
method  of  discharging  the  liquid  wastes  of  a  city  is  the  result. 

*  Discussions  on  this  paper  received  before  February  15th,  1893,  will  be  published  in  a. 
subsequent  number. 
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The  Slione  system  is  applicable  wherever  the  sewage  of  a  city,  dis- 
trict or  building  has,  for  any  cause,  to  be  raised  by  mechanical  means, 
and  may  be  applied  successfully  in  any  of  the  following  cases : 

(1)  Where  there  is  no  natural  outlet. 

(2)  Where  the  natural  surface  of  the  ground  is  so  level  that  it  is 
impracticable  to  construct  self-cleansing  sewers  at  grades  above  the 
natural  outlet. 

(3)  Where  sewers,  if  laid  at  self-cleansing  grades,  and  proportioned 
to  the  normal  vokime  flowing  through  them,  would  have  to  be  laid  at 
such  depths  as  to  be  prohibitive  in  point  of  cost. 

(4)  In  undulating  districts  containing  several  natural  drainage 
areas,  where  deep  and  expensive  cuttings  or  tunnels  would  be  neces- 
sary if  natural  gravitation  was  employed. 

(5)  In  low-lying  basins  or  flat  districts  from  which  it  is  not  prac- 
ticable to  convey  the  sewage  to  the  main  gi-avitation  system  employed. 

(6)  In  asylums,  barracks  and  large  buildings,  from  which  the  liquid 
wastes  cannot  be  discharged  by  gravitation. 

(7)  For  discharging  sewage  sludge. 

The  Shone  system  may  briefly  be  described  as  one  in  which  the 
motive  power,  viz.,  compressed  air,  is  generated  at  one  central  power 
plant  and  distributed  to  numerous  pumping  stations.  Each  station  is 
the  outfall  of  the  district  tributary  to  it.  The  sewage  from  the  various 
stations  is  automatically  discharged  into  one  common  discharge  leading 
to  one  common  outlet. 

In  the  use  of  this  system  the  first  step  is  to  divide  the  territory  under 
consideration  into  as  many  drainage  areas  as  desirable;  the  extent  and 
boundaries  of  each  being  determined,  either  by  the  contour  of  the 
ground,  density  of  population  or  by  other  causes.  The  drainage  areas 
being  defined,  the  lowest  point  in  each  is  located;  or  in  the  case  of  ab- 
solutely level  ground,  the  central  or  most  convenient  point  is  deter- 
mined. Here,  at  what  is  termed  an  "Ejector  Station,"  all  the  sewers 
of  the  district  are  centered;  these  can  be  of  the  exact  size  to  accom- 
modate the  maximum  population  of  the  district,  and  laid  at  such 
grades  as  to  carry  the  sewage  to  the  ejector  station  as  rapidly  as  it  is 
discharged  from  the  houses  and  before  decomposition  sets  in.  In  the 
ejector  station,  a  pneumatic  ejector  (described  hereafter)  is  placed. 
As  fast  as  the  sewage  flows  into  and  fills  the  ejector,  compressed  air  is 
automatically  admitted,   forcing  the  sewage  into  a  sealed  iron  main 
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through  which  it  is  conveYed  rapidlv  under  pressure  to  the  outfall  or 
into  a  high  level  gravitation  sewer. 

The  ejector  chamber  is  a  manhole-like  chamber,  built  beneath 
the  surface  of  the  street  or  elsewhere,  having  an  ordinary  manhole 
cover  on  top. 

The  division  of  a  citv  into  sejiarate  areas  for  the  purpose  of  sewer- 
age, was  first  mooted  as  far  back  as  the  time  when  the  best  method  of 
sewering  London  was  under  discussion.  Sir  Edwin  Chadwick  then 
advocated  the  dividing  of  the  whole  site  into  natural  drainage  areas, 
and  the  employment  of  an  independent  pum^^ing  station  in  each 
division.  It  rested,  however,  with  ]Mr.  Shone  to  devise  the  means  of 
carrying  out  this  idea  in  a  jjractical  and  economical  manner. 

The  advantages  of  di\T.ding  a  city  into  sewerage  districts  are  many, 
among  which  the  following  may  be  mentioned  : 

Self-cleansing  sewers  from  houses  to  outfall,  with  sewer  pipes  of 
small  diameter. 

The  severance  of  each  district  from  the  rest  of  the  drainage  area, 
so  that  in  the  event  of  an  epidemic  disease  breaking  out  in  one  dis- 
trict, it  cannot  be  conveyed  by  the  sewers  into  healthy  districts. 

The  amount  of  water  required  for  flushing  and  the  volume  of  air 
required  for  ventilation,  are,  by  reason  of  the  small  diameter  of  the 
sewers  and  the  comparatively  short  lengths  tributary  to  an  outfall, 
reduced  to  a  minimum. 

The  avoidance  of  deep  cuttings. 

The  ready  extension  of  the  system  as  necessity  demands. 

If  these  advantages  could  only  be  obtained  by  separate  and  inde- 
pendent pumping  stations,  each  with  its  own  staff  of  attendants,  the 
annual  maintenance  charges  would  be  prohibitive ;  but  by  the  Shone 
system,  as  already  described,  any  number  of  stations  can  be  worked 
from  one  central  jDOwer  plant. 

In  connection  with  the  division  of  a  city  into  districts  for  the  jduj- 
pose  of  applying  the  Shone  system,  it  should  be  stated  that  the  con- 
sumption of  compressed  air  would  not  be  appreciably  increased  by 
reason  of  miiltiplyiug  the  number  of  divisions.  From  one  compressing 
station  a  number  of  ejector  stations  can,  in  most  cases,  be  supi3lied 
more  economically  (in  fuel  cost)  than  if  the  whole  of  the  sewage  were 
brought  to  one  spot  and  thence  raised  to  the  same  outfall ;  because  a 
considerable  amount  of  the  sewage  would  be  intercepted  at  higher  points. 
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and  tlius  effect  a  saving  in  the  work  to  be  done.  To  apply  an  ordinary 
steam  sewage  pump  it  would  ba  necessary  to  allow  the  whole  of  the 
sewage  to  gravitate  to  the  lowest  point,  so  that  any  advantage  in  the 
dtity  of  the  engine  itself  would  be  more  than  counterbalanced  by  the 
increased  work  it  has  to  do,  through  so  large  a  proportion  of  the  sewage 
having  to  run  down  merely  to  be  pumped  up  again. 

The  accompanying  figure  is  a  sectional  view  of  a  Shone  Pneumatic 
Ejector  of  ordinary  construction.  The  action  of  the  ajjparatus  is  as. 
follows  : 


fflj™pifP]iwr|i|-' 


The  sewage  gravitates  from  the  sewers  through  the  inlet  pipe  A  into 
the  ejector  and  gradually  rises  therein  until  it  reaches  the  under  side 
of  the  bell  D.  The  air  at  atmospheric  pressure  inside  this  bell  is  then 
enclosed  and  the  sewage  continuing  to  rise  around  it,  its  buoyancy  is 
sufficient  to  lift  it  with  the  spindle,  etc. ,  and  to  open  the  compressed 
air  admission  valve  E.  The  compressed  air  thus  automatically  admit- 
ted into  the  ejector  presses  on  the  surface  of  the  sewage,  driving 
the  whole  of  the  contents  before  it  through  the  bell-mouthed  open- 
ing at  the  bottom,  and  through  the  outlet  pipe  B,  into  the  iron  sewage 
discharge  pipe,  or  high  level  gravitation  sewer,  as  the  case  may  be. 
The  sewage  can  only  escape  from  the  ejector  by  the  outlet  pipe,  as^the 
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instant  the  aii-  pressure  is  admitted  upon  the  siirface  of  the  sewage  the 
valve  on  the  inlet  pipe  A  falls  on  its  seat  and  i^revents  the  fluid  escap- 
ing in  that  direction. 

The  sewage  passes  out  of  the  ejector  until  its  level  falls  to  such  a 
point  that  the  weight  of  the  sewage  retained  in  the  cuj)  C,  which  is 
no  longer  supported,  is  sufficient  to  i^ull  down  the  bell  and  sjnndle, 
thereby  reversing  the  compressed  air  admission  valve,  which  first  cuts 
ofi"  the  supi^ly  of  compressed  air  to  the  ejector,  and  then  allows  the  air 
within  the  ejector  to  exhaust  down  to  atmospheric  pressure.  The  out- 
let valve  then  falls  on  its  seat  retaining  the  liquid  in  the  sewage  dis- 
charge main;  and  the  sewage  flows  through  the  inlet  once  more,  and 
so  the  action  goes  on  as  long  as  there  is  sewage  to  flow. 

The  position  of  the  cujj  and  bell  is  so  adjusted  that  the  comjjressed 
air  is  not  admitted  to  the  ejector  until  it  is  full  of  sewage,  and  the  air 
is  not  allowed  to  exhaust  until  the  ejector  is  emptied  down  to  the  dis- 
charge level ;  thus  the  ejector  discharges  a  specific  quantity  each  time 
it  operates. 

The  advantages  of  this  apparatus  may  be  summed  up  as  follows: 

(1)  The  working  parts  are  rediiced  to  a  minimum,  and  these  are  of 
a  kind  not  likely  to  get  out  of  order. 

(2)  The  parts  into  which  the  sewage  enters  contain  no  finished  sur- 
faces, such  as  are  unavoidable  in  pumps  and  are  rapidly  destroyed  by 
the  action  of  the  sewage  sludge  and  grit  from  road  detritus,  etc.  In 
the  ejector  there  is  nothing  but  the  hard  skin  of  the  castings,  coated 
with  a  composition  i;pon  which  the  sewage  can  i)roduce  no  detri- 
mental eftect. 

(3)  The  friction  of  a  pump  piston  and  other  working  parts  is 
avoided;  the  compressed  air  itself,  acting  directly  upon  the  fluid  with- 
out the  intervention  of  any  machinery,  forms  an  almost  absolutely  fric- 
tionless  and  perfect  air  piston,  past  which  there  can  be  no  slip  or  leakage 
whatever. 

(4)  The  only  finished  parts  are  those  in  connection  with  the  small 
automatic  air  valve,  which  makes  only  one  movement  of  2  or  3  ins.  for 
each  discharge  of  the  ejector  of  from  50  to  1000  galls,  (according  to  the 
size  of  the  ejector),  and  they  are  in  contact  with  the  compressed  air 
only,  and  out  of  the  reach  of  the  sewage. 

(5)  The  sewage  inlet  and  outlet  valves  are  so  arranged  as  to  give  a 
Ijassage-way  of  the  full  area  of  the  pipe,  allowing  a  free  passage  to  all 
the  solids  that  the  sewer  itself  can  carry. 
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(6)  The  outlet  is  from  the  bottom  of  the  ejector,  so  that  the  whole 
of  the  sewage,  including  solids,  sludge,  grit,  and  everything  brought 
down  the  sewer,  is  discharged  out  of  the  ejector. 

(7)  No  screening  or  straining  of  the  sewage  is  necessary,  as  is  the 
case  with  jaumps,  and  the  nuisance  caused  by  the  cleaning  of  the 
pump  gratings  and  sump  wells  is  avoided. 

(8)  The  sudden  rush  of  the  whole  contents  of  the  ejector,  when  the 
discharge  is  into  a  gravitation  sewer,  forms  a  most  effective  flush. 

(9)  The  ejector  forms  an  absolute  severance  of  the  house  drains  of 
each  district  from  the  main  sewer,  and  it  automatically  works  either 
slowly  or  rapidly  according  to  the  flow  of  sewage. 

The  Shone  system  has  been  api^lied  with  advantage  to  sewerage 
works  upon  the  "combined  system";  but,  in  the  author's  opinion, 
greater  benefit  can  be  obtained  when  it  is  applied  in  connection  with 
the  "  separate  system,"  as  in  many  cases,  owing  to  the  flatness  of  sur- 
face grades,  it  is  imijossible  upon  the  gravitation  system  to  obtain 
the  fall  necessary  for  small  pipe  sewers  without  carrying  them  down 
to  excessive  and  prohibitive  depths.  The  primary  essential  to  a  good 
system  of  sewers  is  that  they  should  be  laid  at  grades  which  will  be 
self-cleansing  when  the  normal  flow  of  sewage  is  passing  through  them, 
and  the  raison  d'etre  of  the  Shone  system  is  to  admit  of  this  being 
obtained  at  a  permissible  cost  regardless  of  natural  adverse  conditions. 

Some  engineers  who  have  not  understood  the  Shone  system  have 
treated  it  as  if  it  was  a  competitor  of  the  steam  pumj)  in  the  lifting  of 
sewage,  and  have  decried  compressed  air  as  a  wasteful  method.  The 
primary  object  of  the  system  is  to  get  as  high  a  degree  of  sanitary 
efficiency  in  connection  with  the  every-day  working  of  house-drains  and 
sewers  as  is  possible,  and,  if  it  accomplishes  this,  the  question  of  the 
relative  efficiency  of  steam  pumps  and  ejectors  is  of  secondary  import- 
ance. 

With  regard  to  the  efficiency  of  compressed  air  as  employed  in 
ejectors.  Professor  William  C.  Unwin,  M.  Inst.  C.  E.,  made  some  tests 
on  the  ejectors  now  in  use  at  Lowestoft,  England,  with  the  result 
that  u^jon  a  lift  of  25.26  ft.  the  percentage  of  useful  work  obtained,  after 
allowing  for  all  losses,  was  48.9  per  cent.  This  plant  is  a  small  one  and 
was  not  specially  prepared  for  testing.  Owing  to  the  nature  of  sewage, 
such  a  high  efficiency  cannot  be  obtained  from  pvimps  lifting  sewage 
as  from  those  lifting  clean  water.     The  author  is  of  the  opinion  that  the 
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above  efficiency  -will  comi^are  favorably  ■ndth  any  steam  sewage  pump 
automatically  lifting  the  same  quantity  of  rough  unscreened  sewage 
to  a  similar  height. 

In  connection  with  compressed  air  (the  motive  power  used  in 
the  Shone  system),  the  author  would  point  out  that  very  marked  im- 
provements have  been  made  in  recent  years  in  air-compressing  ma- 
chinery, whereby  the  losses  due  to  compression  are  considerably 
reduced.  As  a  means  of  transmitting  power  to  long  distances,  com- 
jjressed  air  is  largely  in  use.  If  the  jjipes  are  projierly  proportioned, 
the  losses  due  to  friction  in  the  passage  of  air  through  them  are  trifling. 
By  the  use  of  i^ijaes  of  moderate  diameter  the  velocity  of  the  air  can 
be  so  adjusted  that  the  loss  by  friction  in  transmission  is  only  1  "(|  of 
the  absolute  initial  pressure  per  1  000  ft.  of  pipe.  Broadly  speaking, 
it  is  more  economical  to  produce  air  at  low  than  high  pressure,  and 
it  is  not  necessary  upon  the  Shone  system  to  use  high  pressures.  An 
important  loss  in  the  use  of  compressed  air,  as  generally  applied,  is 
the  frictional  and  clearance  losses  of  the  executive  machine.  These 
are  infinitesimal  in  the  ejector,  as  there  are  no  solid  pistons,  cylinders, 
and  their  connections,  the  body  of  the  ejector  being  the  cylinder,  and 
the  air  itself  the  j)iston. 

Recently  Professor  Unwin,  in  waiting  upon  the  subjects  of  power 
transmission  by  compressed  air  and  water,  made  the  following  state- 
ments : 

"Mr.  Shone  has  adopted  compressed  air  for  distributing  jjower,  and 
there  are  good  reasons  for  the  choice.  ComiJressed  aii*  has  long  been 
used  for  transmitting  jjower  for  intermittent  work  in  mining,  and 
recently  for  distributing  power  in  towns.  All  the  details  of  an  air 
transmission  are  simple,  and  the  mechanism  is  well  understood.  For 
a  hydraulic  transmission  an  excessive  pressure  must  be  used  ;  in  fact, 
usually  the  pressure  in  hydraulic  transmission  is  750  lbs.  jjer  sq.  in. 
But  with  ail-,  more  jjower  can  be  transmitted  through  a  6-in.  main 
with  45  lbs.  air  jjressure  than  with  750  lbs.  water  i^ressure.  This  is 
because  with  air  a  velocity  20  times  greater  than  that  permitted 
with  water  can  be  allowed  without  incurring  any  jiractically  ajjpre- 
ciable  loss  in  friction  in  transmission.  With  air  the  quantity  used 
adjusts  itself  to  the  work  to  be  done,  in  consequence  of  the  expansion 
of  the  air.  But  \\ith  Avater  the  quantity  iised  depends  only  on  the  size 
of  the  motor-cylinder  and  is  always  the  same  whether  the  resistance 
is  great  or  little.  From  the  low  pressure  at  which  air  can  be  used, 
an  extremely  simple  form  of  pumping  arrangement  can  be  adojjted, 
with  small  and  simple  working  parts,  little  liable  to  get  out  of  order 
and  requiring  very  little  attention  or  repair. " 

The  Shone  system  is  in  practical  operation  for  the  sewerage,  either 

wholly  or  partially,  of   24  towns  in  England  ;   at  Rangoon,  Burma  ; 
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Camiios  and  Eio  de  Janeiro,  Brazil.  It  lias  also  been  applied  for  the 
drainage  of  the  public  slaughter-houses  of  Moscow,  Russia,  and  for 
the  Houses  of  Parliament  and  other  large  buildings  in  London. 
A  description  of  most  of  these  works  has  appeared  in  engineering 
journals  and  elsewhere,  so  the  author  will  confine  himself  to  what  has 
been  done  on  this  system  in  the  United  States. 

Many  large  buildings  in  cities,  such  as  hotels,  office  buildings,  etc. , 
require,  for  economical  as  well  as  other  reasons,  to  have  basements  in 
which  boilers,  pumps,  electrical  and  other  machinery,  as  well  as  sani- 
tary fixtures,  may  be  placed  ;  and  it  frequently  occurs  in  cities  in  which 
the  public  sewers  are  shallow,  that  it  becomes  necessary,  in  order  to 
obtain  sufficient  headroom  in  the  basement,  to  construct  the  floor  at 
a,bout  the  same  level  as,  or  below,  that  of  the  street  sewer.  It  is  then  of 
vital  importance  to  remove  all  liquid  wastes  expeditiously,  sanitarily, 
and  in  a  reliable  manner  from  the  building  to  the  street  sewer. 

The  Shone  ejector  has  been  found  to  serve  this  purpose  effectually. 
In  a  chamber  underneath  the  floor  of  the  basement,  a  small  ejector  is 
placed  at  such  a  level  that  all  the  basement  sewers  and  drains  of  the 
building  may  have  a  good  fall  to  it ;  these  sewers  and  drains  deliver 
sewage,  drips  from  engines,  washings  from  boilers,  and  ground  water 
to  the  ejector,  from  which,  when  full,  the  contents  are  discharged  into 
the  street  sewer. 

To  work  the  ejector,  a  small  vertical  direct  acting  compressor  is 
employed,  which  is  bolted  to  a  wall  in  a  convenient  place  in  the  engine- 
room  of  the  building,  and  the  compressed  air  is  conveyed  to  the 
ejector  through  a  wrought-iron  pipe  of  small  diameter.  When  steam 
is  turned  on  to  the  compressor,  the  whole  apparatus  is  automatic. 
The  compressor  delivers  air  into  a  receiver,  and  when  the  required 
pressure  is  attained  (usually  about  8  lbs.)  the  compressor  stops, 
automatically  starting  up  again  when  the  pressure  of  air  is  reduced  in 
the  receiver,  by  reason  of  the  discharge  of  the  ejector. 

The  ejector  not  only  discharges  the  liquid  wastes  from  the  building 
as  rapidly  as  created,  but  forms  an  absolute  barrier  against  a  reverse 
flow  of  sewage  or  sewer  gas  from  the  street  sewer.  It  is  preferable  to 
place  these  ejectors  in  duplicate,  one  for  constant  service  and  one  in 
reserve.  The  author  has,  however,  knowledge  of  a  single  ejector  which 
has  worked  continuously  day  and  night  in  a  building  in  Chicago  for 
two  and  one-half  years  without  a  single  stoppage  for  any  cause.     For 
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the  above-described  piii'iDose  there  are  21  Shone  ejector  plants  now  in 
operation  in  this  country,  the  majority  of  them  being  in  Chicago. 

Kogers  Park,  Illinois,  a  small  town  situated  on  Lake  Michigan, 
immediatly  north  of  the  City  of  Chicago  and  covering  an  area  of 
about  1  100  acres,  is  an  example  of  how  the  Shone  system  can  be 
employed  in  conjunction  with  a  natural  gravitation  system  of  sewers. 
The  eastern  section  of  the  village  adjacent  to  the  lake  from  the  north- 
ern to  the  southern  limits  is  .practically  flat,  the  general  elevation  of 
the  ground  being  only  8  ft.  above  the  average  level  of  the  water  in  Lake 
Michigan.  The  western  section  of  the  village  rises  from  east  to  west, 
the  western  limit  of  the  village  having  an  elevation  of  35  ft.  above  the 
lake.  As  the  water  supply  is  taken  from  the  lake  it  was  decided  that 
there  should  be  only  one  outlet  for  the  sewage. 

Three  projects  for  the  sewerage  of  this  village  were  proposed  by 
different  engineers. 

The  first  was  a  gravitation  plan  upon  the  combined  system,  and 
was  rejected  because  the  inverts  of  the  sewers  in  the  eastern  or  flat 
section  of  the  village  would  have  been,  even  Tvdth  jioor  grades  avail- 
able, below  the  level  of  water  in  the  lake.  The  difficulty  in  devising 
an  efficient  system  of  gravitation  sewers  in  an  area  1.5  miles  in  length 
by  f  of  a  mile  in  width,  where  the  elevation  of  the  ground  is  only  from 
6  to  10  ft.  above  the  average  level  of  the  lake  (which  frequently  rises 
2  ft.  higher),  when  one  outlet  is  made  a  sine  qua  non,  is  manifest.  The 
second  project  was  one  by  which  the  sewage  of  the  whole  village  was 
to  be  iDumped;  this  project  was  rejected  as  being  unnecessary. 

At  this  time  the  village  trustees  instructed  the  author  to  prej^are 
the  project  which  was  carried  out  and  has  been  in  operation  since 
August  last.  Its  main  features  are  that  the  combined  gravitation  plan 
is  employed  in  the  western  section  of  the  village,  where  good  grades 
can  be  obtained;  the  collecting  sewers  are  at  the  foot  of  the  slope  and 
unite  into  one  main  which  passes  through  the  flat  or  eastern  district 
about  midway  between  the  northern  and  southern  limits  and  discharges 
into  Lake  Michigan  at  a  level  of  6  ins.  below  the  average  level  of  the 
lake.  In  the  flat  districts  north  and  south  of  the  main  sewer,  the 
Shone  system  is  emjiloyed  and  the  sewage  is  lifted  into  the  main  gTavi- 
tation  sewer,  while  the  surface  water  is  conveyed  to  the  lake  by  a 
system  of  shallow  sewers. 

Only  about  one-half  of  the  village  requires  sewers  at  present.    There 
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have  been  constructed  9.6  miles  of  sewers  on  the  combined  system,  3.7 
miles  on  the  Shone  system,  and  3. 7  miles  of  storm  water  drains,  at  a 
cost  of  ^165  100.  The  combined  gravitation  sewers  and  the  storm 
water  drains  present  no  special  features. 

The  area  embraced  by  the  Shone  system  is  214  acres,  and  this  is 
divided  into  three  sections  embracing  respectively  50,  70  and  94  acres. 
The  subsoil  generally  is  sand  and  gravel,  and  ground  water  stands 
l^ermanently  about  4  ft.  6  ins.  from  the  surface.  Sheet  piling  was  neces- 
sary throughout,  and  steam  pumping  had  to  be  kej)t  up  day  and  night 
during  construction. 

The  sewers  commence  at  their  summits  at  a  level  of  6  ft.  below 
grade,  and  at  the  ejector  stations  are  14  ft.  deep.  For  economical  as 
well  as  sanitary  reasons  it  was  necessary  that  they  should  be  water- 
tight, and  with  this  object  in  view  the  pipe  sewers,  which  are  all  8  ins. 
in  diameter,  were  made  in  3-ft.  lengths,  with  special  sockets  3  ins.  in 
depth,  and  of  such  diameter  as  to  leave  an  annular  space  of  half  an 
inch  around  the  spigot  end  of  the  adjoining  pii^e. 

The  joints  were  made  by  first  caulking  a  hempen  gasket  back  intO' 
the  joint  around  the  whole  pipe,  then  2  ins.  in  depth  of  the  joint  was 
filled  with  Portland  cement  mortar,  and  rammed  into  place  -svith  a  hard 
wood  rammer.  The  joint  was  then  completely  filled  by  pressing  into 
it  with  the  fingers  all  the  mortar  it  would  hold.  No  filling  in  was  allowed 
until  the  cement  in  the  joints  had  set  and  all  joints  had  been  examined. 
These  conditions  were  rigidly  enforced.  It  was  ascertained,  by  careful 
measurement  through  the  ejectors,  before  any  house  connections  had 
been  made,  that  the  maximum  amount  of  leakage  through  9  200  ft.  of 
sewers  (which  is  the  longest  line  now  built  tributary  to  one  ejector 
station)  was  only  15  galls,  per  minute,  and  this  is  due  to  seepage  through 
the  brickwork  of  the  manholes.  Considering  that  these  sewers  have  a 
head  of  water  constantly  over  them  varying  from  1  ft.  6  ins.  at  their  sum- 
mits to  9  ft.  6  ins.  at  their  deepest  jjoints,  the  result  is  considered  by  the 
author  to  be  satisfactory.  All  sewers  have  automatic  flush  tanks  at  their 
dead  ends.     The  minimum  grade  employed  is  1  in  250. 

The  ejector  chambers  are  water-tight;  they  are  circular,  11  ft.  6  ins.  in 
diameter,  and  the  floor  and  walls  are  constructed  of  cast-iron  flanged 
sections,  |  in.  in  thickness,  bolted  together.  The  joints  between  the  sec- 
tions are  made  with  lead  pipe  inserted  between  the  flanges.  The  roofs  of 
the  chambers  are  constructed  of  steel  beams  and  brick  arches  covered 
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^th  asphalt.  The  entrances  to  the  chambers  are  through  manholes  in 
the  roofs.  In  each  of  them  are  two  Shone  ejectors  of  a  capacity  of 
300  galls,  each,  one  for  constant  use,  the  other  held  in  reserve. 

The  air  compressor  supplying  the  power  is  located  at  the  Rogers 
Park  "Water  Company's  pumping  station,  and  steam  and  attendance  are 
furnished  by  that  comi^any.  It  is  of  the  type  known  as  the  "  Dujolex 
Crank  and  Fly  "Wheel,"  and  either  half  of  the  machine  can  be  run 
without  connection  with  the  other.  The  steam  cylinders  are  8  ins.  in 
diameter  by  12-in.  stroke;  the  air  cylinders  are  12  ins.  diameter  by  12-in. 
stroke,  and  are  double  acting  and  water  jacketed.  The  steam  cylin- 
ders are  fitted  with  adjtistable  cut-off  valves.  The  speed  of  the  engine 
is  regulated  automatically  by  means  of  an  air  governor. 

The  ejector  station  most  remote  from  the  air  compressor  is  5  070  ft. 
distant.  There  are  1.33  miles  of  air  pipe,  which  is  ordinary  light 
weight  cast-iron  water  jDipe.  The  discharge  pipes  from  the  ejector 
stations  lead  to  three  points  in  the  main  sewer,  where  the  discharge 
of  300  galls,  of  sewage  at  each  point  in  30  seconds  forms  a  very 
effectual  means  of  flushing.  The  cost  of  these  3.7  miles  of  sewers, 
ejector  chambers,  ejectoi's,  air-compressing  machinery,  air  and  sewage 
discharge  pijjes,  was  352  400  ;  but  as  the  contract  was  let  for  payment 
in  special  assessment  warrants  on  the  five  years'  instalment  plan, 
which  cannot  be  discounted  for  less  than  10"o',  the  cash  cost  may  be 
said  to  be  S47  160. 

It  also  may  be  pointed  out  that  the  plant  at  the  central  station  and 
at  one  of  the  ejector  stations  is  designed  with  a  capacity  for  13  000  ft.  of 
additional  sewer  pipes  to  be  connected  later  on,  when  required. 

The  City  of  Winona,  Minnesota,  is  situated  on  the  right  bank  of  the 
Mississij)pi  River  upon  a  sandy  gravel  subsoil.  The  level  of  the  ground 
water  is  governed  by  the  level  of  the  water  in  the  river,  which  at  certain 
periods  rises  to  -within  a  few  feet  of  the  surface  of  the  principal  busi- 
ness streets  of  the  city.  It  is  impracticable  to  discharge  the  sewage  by 
gravitation  into  the  river  at  all  periods  of  the  year.  Owing  to  the  con- 
figuration of  the  ground,  the  cost  of  constructing  a  sewer  system  for 
the  entire  city  leading  to  one  pumjiing  station  would  have  been  ex- 
cessive. The  arguments  which  induced  the  city  authorities  to  adopt 
the  Shone  system  were  : 

First. — The  sewerage  works  could  be  carried  out  in  sections  as  re- 
quirements demanded,  each  section  being  complete  in  itself. 
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Second. — As  pumping  is  necessary,  more  satisfactory  grades  and 
much  less  costly  sewers  could  be  obtained  by  having  several  ejector 
stations  than  by  collecting  the  sewage  of  the  whole  city  at  one  pumping 
station. 

As  the  power  can  be  located  at  the  water-pumping  station  owned  by 
the  city,  and  distributed  to  the  ejector  stations,  the  city  would  be  saved 
the  expense  of  special  attendants,  as  the  slight  attention  required  by 
the  air-comi^ressing  engines  can  be  given  by  the  men  in  charge  of  the 
water-pumping  engines. 

The  portion  of  the  city  in  which  the  sewerage  w-orks  have  been  con- 
structed is  the  business  section,  and  covers  an  area  of  about  220  acres. 
Four  and  a  half  miles  of  sewers  have  been  built,  consisting  of  8-in.  pipes, 
with  the  exception  of  short  lengths  of  10  and  12-in.  pipes. 

Absolute  tightness  of  sewers  has  been  aimed  at.  The  ground  water 
has  a  vertical  range  of  17  ft.,  and  all  sewers  that  lie  5  ft.  or  more  below 
the  highest  level  of  ground  water  are  constructed  of  extra  smooth  cast- 
iron  water  piijes  laid  with  lead  joints,  the  others  are  of  vitrified  stone- 
ware pipes,  made  in  3-ft.  lengths  with  special  joints,  as  at  Rogers  Park. 

The  minimum  grade  for  the  8-in.  sewers  is  1  in  250.  Automatic 
flush  tanks  are  placed  at  all  dead  ends.  These  sewers  converge  at  an 
ejector  station,  built  in  brickwork  underneath  the  surface  of  the  main 
street,  in  which  are  placed  two  Shone  pneumatic  ejectors  of  a 
capacity  of  1,500,000  gallons  jser  24  hours.  The  air  compressing 
engines — two  in  number — are  of  the  same  design  as  those  at  Rogers 
Park,  and  are  located  at  the  city  water-works,  about  1  000  ft.  away 
from  the  ejector  station.  These  engines  are  run  by  the  employees 
in  charge  of  the  city  water-works.  In  connection  with  the  ejector 
station,  there  is  an  arrangement  of  valves  by  which  the  sewage  can 
be  shut  off  from  entering  the  ejectors,  and  allowed  to  flow  direct  by 
gravitation  to  the  river,  during  the  levels  of  the  water  which  gener- 
ally jjrevail  from  six  to  eight  months  every  year.  The  works  which 
were  designed  by,  and  executed  under  the  superintendence  of,  the 
author  cost  $42  200. 

The  largest  installation  on  the  Shone  system  in  this  country  is  at 
the  World's  Columbian  Exposition,  Chicago.  The  site  is  Jackson  Park, 
lying  on  the  shore  of  Lake  Michigan,  and  contains  rather  more  than 
600  acres.  The  buildings  provided  for  the  purposes  of  the  Exhibition 
are  16  in  number,  and  vary  in  size  from  1  to  32  acres  each;  in  ad- 
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dition  there  are  40  or  more  buildings  of  smaller  size,  built  by  in- 
dividual States  and  Foreign  Governments,  which  bring  the  total  roof 
area  up  to  about  150  acres. 

A  daily  attendance  of  150  000,  with  a  possible  maximum  of  400  000, 
is  anticipated.  For  the  accommodation  and  convenience  of  this  multi- 
tude there  will  be  provided  in  the  Exposition  buildings  25  or  30  cafes 
or  restaurants,  of  an  average  area  of  5  000  to  6  000  sq.  ft.  each,  with 
public  and  private  dining  rooms.  There  are  also  in  these  buildings 
toilet  rooms  and  lavatories,  containing  a  total  of  S  000  water-closets, 
and  urinals  and  wash-basins  in  proportion.  In  addition  there  are  toilet 
rooms  with  water-closets,  etc.,  in  the  40  or  more  buildings  of  the 
States  and  Governments.  As  the  site  is  very  flat,  varying  from  5  to 
11  ft.  above  Lake  Michigan,  any  system  of  collection  of  sewage  by  gravi- 
tation sewers  alone  wovdd  necessitate  very  light  grades;  it  was  there- 
fore decided  to  put  in  a  separate  system  of  sewers  for  the  removal  of 
the  sewage  proper,  and  to  pump  the  sewage  to  purification  works  situ- 
ated in  the  southeast  corner  of  the  grounds.  Mr.  TV.  S.  MacHarg, 
Chief  Engineer  of  Water  Sewerage  and  Fire  Protection,  having  had 
practical  experience  of  the  working  of  the  Shone  system  in  Chicago, 
recommended  its  employment  for  the  removal  of  the  sewage  of  the 
entire  area. 

Over  the  area  of  the  grounds  26  ejector  stations  are  located, 
the  majority  of  them  underneath  the  floors  of  the  buildings,  some  un- 
derneath grass  swards,  and  others  underneath  roadways.  In  each 
station  two  ejectors  are  placed,  varying  in  cai^acity  from  60  to  600 
galls,  each  per  minute,  and  having  a  united  discharging  capacity  of 
17  000  000  galls,  per  24  hours.  This  is  a  larger  plant  than  would  be 
required  for  the  removal  of  the  sewage  of  any  city  in  the  United  States, 
with  probably  ten  exceptions. 

Converging  to  these  ejector  stations  are  3  miles  of  gravitation 
main  sewers,  the  minimum  grade  adopted  being  1  in  250.  The  vitri- 
fied sewer  pipes  are  laid  in  2|-ft.  lengths,  and  have  extra  deep  sockets 
in  order  that  water-tight  joints  may  be  ensured;  inside  the  buildings 
the  sewers  are  of  iron. 

The  air-compressing  plant  for  operating  the  ejectors  was  designed 
and  built  and  is  jDlaced  as  an  exhibit  in  the  Machinery  Hall  by  the 
Norwalk  Iron  Works  Company,  of  South  Xorwalk,  Conn.  It  consists 
of  three  compound  air  compressors,  and  one  double  compound  air 
compressor,  the  principal  dimensions  of  which  are  as  follows : 
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Diameter    Length    Diameter     Diameter  of 
of  air  of  of  steam      compressing 

cylinder,    stroke,      cylinder.        cylinder. 

One  compound  compressor 26"  30"  24"  17^" 

Two  compound  compressors 22"  24"  20"  13 J" 

One  doiible  compound  compressor,  diameter  of  air  cylinder,  16  ins. ; 
length  of  stroke,  16  ins. ;  diameter  of  compressing  cylinder,  92  ins. ;  diam- 
eter of  high-pressure  steam  cylinder,  10  ins. ;  diameter  of  low-pressure 
steam  cylinder,  16  in. 

The  distinctive  features  of  these  air  comi^ressors  are  that  they  have 
two  air  cylinders  with  cooling  chamber  between.  A  large  air  cylinder 
is  employed  to  make  the  initial,  and  a  small  cylinder  the  final,  com- 
jjression.  By  such  an  arrangement  a  more  nearly  uniform  resistance 
for  the  whole  stroke  is  obtained. 

The  air  is  admitted  to  the  large  cylinder  by  valves  of  the  Corliss 
steam-engine  pattern,  which  have  positive  movement  from  the  main 
shaft.  The  air  is  partially  compressed  in  the  large  cylinder  and  forced 
thence  into  the  small  one  through  a  chamber  filled  with  copper  pipes, 
through  which  cold  water  circulates.  Ip  the  small  cylinder  the  air  is 
compressed  to  the  extent  desired.  Both  inlet  and  outlet  valves  can  be 
taken  out  without  removing  a  cylinder  head.  The  piston  rings  can 
also  be  taken  out  without  removing  the  i^iston  from  the  cylinder. 
Both  air  cylinders  are  surrounded  by  water  jackets. 

The  steam  and  air  pistons  and  cross  head  are  mounted  on  the  same 
piston  rod,  so  as  to  render  the  application  of  j^ower  uniform.  Two 
fly-wheels  are  used,  one  on  each  side  of  the  machines,  and,  by  means  of 
a  swivel  in  the  center  of  the  cross-head,  the  work  is  made  exactly  equal 
upon  both  connecting  rods.  The  steam  cut-off  is  changed  by  turning 
a  hand  wheel  at  the  back  end  of  the  valve  chest. 

The  plant  has  a  capacity  of  4  537  cu.  ft.  of  free  air  per  minute. 
Leading  from  the  central  plant  is  a  system  of  air  pipes  5  miles  in 
length,  varying  in  diameter  from  2  to  10  ins.  The  air  pipe  outside  the 
buildings  is  ordinary  cast-iron  water  pipe  laid  with  lead  joints,  with  an 
average  depth  of  covering  of  4 J  ft.  Inside  the  buildings  it  is  of  wrought 
iron  with  screw  joints.  This  pipe  line  was  tested  to  withstand  90  lbs. 
pressure  per  square  inch  without  any  appreciable  loss.  From  the 
ejectors  to  the  purification  works  is  a  system  of  east-iron  sewage  dis- 
charge pipes  4.8  miles  in  length,  varying  in  diameter  from  6  to  30  ins. 

The  maximum  dii'ect  lift  from  the  discharging  level  of  the  lowest 
ejectors  to  the  top  of  the  sewage  receiving  tanks  is  67.62  ft.;  and  the 
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total  head  to  be  pumped  against  when  the  maximum  estimated  amount 
of  sewage  is  being  discharged  is  107.87  ft.  The  air  in  the  air  mains  will 
be  maintained  at  a  pressure  of  47  lbs.  to  the  square  inch,  and  supplied 
to  each  ejector  station  through  reducing  valves  at  the  exact  pressure 
required  at  each  station. 

The  sewage  receiving  tanks,  four  in  number,  are  constructed  of 
steel  plates  riveted  together.  Each  tank  is  32  ft.  in  diameter  and  55  ft. 
high,  the  bottom,  22  ft.,  being  in  the  form  of  a  cone.  This  design  of 
tank  was  first  used  at  Dortmund,  Germany,  by  Herr  Carl  Kinebuhler. 

After  the  sewage  has  received  its  preciisitating  agent,  it  flows 
through  a  large  tube  fixed  vertically  in  the  center  of  the  tank  to  a 
depth  of  about  30  ft.,  where,  by  means  of  radial  arms,  it  is  distributed 
over  the  area  of  the  tank  and  slowly  rises  to  the  top.  The  heavier 
matter  settles  gradually  to  the  bottom  of  the  tank  as  sludge,  and  in 
the  jjrocess  of  doing  so  acts  as  a  filter  for  the  rising  sewage.  It  is 
claimed  that  by  means  of  this  mechanical  operation  the  chemicals  are 
utilized  to  their  full  advantage.  The  effluent  water  overflows  at  the 
top  of  the  tank  and  will  be  conveyed  to  Lake  Michigan,  while  the 
sludge  will  be  pressed  into  cakes  and  burnt.  This  form  of  tank  takes 
up  very  Uttle  space.  The  tanks,  mixing  vats,  engines,  boilers  and 
sludge  presses  are  contained  in  a  building  100  x  125  ft.  For  econom- 
ical reasons  it  was  deemed  advisable  to  build  the  tanks  above  the  sur- 
face of  the  ground. 

The  works  are  nearly  completed  and  a  section  of  them  was  jjut  into 
operation  during  the  Dedication  Ceremonies  in  October  last,  for  the 
convenience  of  an  attendance  estimated  at  two  hundred  thousand. 

Two  Shone  plants  each  of  1,500,000  gallons  cajjacity  jjer  diem,  are 
in  operation  in  Chicago.  One  is  situated  at  Sixty-ninth  and  Halsted 
Streets,  and  is  employed  to  lift  the  sewage  from  a  low  level  into  a 
high-level  gravitation  sewer,  a  vertical  height  of  15  ft.  The  ejector 
chamber  is  built  underneath  the  surface  of  Halsted  Street,  and  the  air 
compressor  located  about  700  ft.  away.  This  jjlaut  has  been  in  con- 
tinuous operation  for  two  and  one-half  years. 

The  second  plant  has  been  in  ojieration  three  years,  is  located 
underneath  West  Taylor  Street,  and  is  used  for  pumjiing  water  to  the 
Chicago  Sugar  Eefiniug  Company.  The  inlet  to  the  ejectors  is  con- 
nected with  one  of  the  Chicago  city  water  tunnels,  from  which  the 
water  flows  by  gravity  into  the  ejectors.  The  air  compressor  is 
located  in  the  engine  room  of  the  Chicago  Sugar  Refining  Company, 
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4  000  ft.  away.  A  6-in.  air  pipe  and  a  1'2-iii.  force  main  are  laid  along 
"West  Taylor  Street  from  the  refinery  to  the  ejectors,  and  the  water  is 
delivered  into  a  large  tank  on  the  premises  of  the  Refinery  Company. 
These  ejectors  are  fitted  with  alternating  air  valves,  which  allow  one 
ejector  to  fill  while  the  other  empties,  so  that  a  steady  discharge  takes 
place. 

There  is  one  more  application  of  the  Shone  ejector  to  which  the 
author  desires  to  call  attention,  viz.,  for  jjumijing  sewage  sludge. 
Owing  to  the  nature  of  the  inlet  and  discharge  valves  and  the  shape  of 
ejector,  this  apparatus  has  been  found  to  be  a  very  successful  and 
economical  sludge  pump.  Ejectors  are  employed  for  pumping  sewage 
sludge  at  four  towns  in  England.  In  this  country  an  ejector  is  em- 
ployed to  discharge  the  sludge  from  the  purification  tanks  at  the  Asylum 
for  the  Insane,  Rochester,  Minn.,  and  one  will  shortly  be  in  oj^eration 
for  the  same  purpose  at  Worcester,  Mass. 

The  proper  ventilation  of  sewers  is  a  matter  requiring  consideration. 
The  almost  universal  custom  which  has  hitherto  prevailed  is  to  trust 
to  natural  atmospheric  influences  which  are  variable  and  unreliable. 
Mr.  Shone  has  recently  introduced  a  novel  system  of  ventilating 
sewers. 

The  exhaust  air  pipe  from  the  ejectors  is  led  to  "  a  nozzle"  placed 
in  a  chamber  adjoining  the  ejector  chamber.  This  nozzle  chamber 
communicates  with  the  atmosphere  by  means  of  an  outlet  shaft  about 
30  ft.  in  height  in  close  proximity  to  it,  and  again  by  means  of  the 
gravitation  sewers  and  an  inlet  shaft  at  their  upper  ends. 

"When  the  ejector  is  filled  with  sewage  and  compressed  air  has  been 
admitted  and  has  forced  out  the  sewage,  the  exhaust  valve  is  opened 
and  the  whole  volume  of  compressed  air  rushes  along  the  exhaust 
pipe  and  through  the  nozzle.  The  effect  of  this  is  to  produce  a  cur- 
rent of  air  down  the  inlet  shaft  and  through  the  sewer  every  time  the 
ejector  has  comj^leted  its  discharge  of  sewage.  Any  number  of  sewers 
may  communicate  with  one  nozzle,  and  they  may  vary  in  length.  The 
volume  of  air  admitted  to  each  sewer  is  regulated  by  a  cap  on  the  inlet 
shaft,  and  by  this  means  the  large  sewers  are  given  their  diie  propor- 
tion of  air. 

This  method  of  ventilation  is  suitable  for  adoption  where  Shone 
ejectors  are  in  use,  and  also  for  ordinary  gravitation  sewers,  by  sup- 
plying compressed  air  to  the  nozzle  direct.  It  is  in  successful  opera- 
tion at  "Wallingford,  England. 
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DISCUSSION    ON    TESTS    OF    POWER    REQUIRED 
TO  DRIVE  ELECTRIC  STREET  CARS.* 


By  C.  B.  Bkush,  C.  E.  Emeey,  A.  F.  Seaes  and  L.  B.  Bonnett. 


ChabliES  B.  Bkush,  M.  Am.  Soc.  C.  E. — I  understood  there  was  a 
circuit  of  3^  miles  and  the  length  of  the  road  was  one-half  of  that 
distance  ? 

L.  B.  Bonnett,  Jun.  Am.  Soc.  C.  E. — No,  the  circuit  was  in  the 
form  of  a  square. 

Mr.  Brush. — Practically  the  road  was  only  equivalent  to  a  length 
of  If  miles  of  double  track.  I  would  like  to  ask  whether  you  have 
made  tests  as  to  the  loss  of  power  from  one  end  of  the  line  to  the 
other,  not  while  the  cars  were  running,  but  in  transmitting  the  power 
from  your  power  station  to  the  end  of  the  ilne  ? 

Mr.  Bonnett. — No,  that  was  rather  outside  of  the  line  that  we  went 
on  in  this  test ;  that  would  have  required  a  separate  series  of  tests. 
The  pressure  as  shown  by  the  volt  meter  while  the  car  was  running 
was  reasonably  constant  all  the  way  around.  The  average  pressure 
was  about  210  volts;   at  no  time  was  it  above  216.     A  reading  taken 

*  Spe  Paper  No.  548,  Vol.  XXVII,  page  307. 
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when  tlie  car  was  at  rest  at  about  the  farthest  j)oiiit  from  the  power 
house,  gave  as  high  as  229  volts;  the  line  was  in  good  condition  at  that 
time. 

ChabijES  E.  Emery,  M.  Am.  Soc.  C.  E. — These  results  are  in  some 
resjDects  remarkable,  though  quite  different  from  what  would  be 
obtained  with  modern  plants.  I  would  like  to  see  a  sketch  of  the 
brake  employed.  It  may  be  stated  that  the  average  electric  street  car 
is  now  of  about  double  the  weight  given  here  and  the  motors  used  are 
much  more  powerful.  Two  motors  of  about  15  H.  P.  each  are  being 
discarded  and  two  of  20  to  25  H.  P.  each  used.  These  will  answer  for 
cars  of  8  to  11  tons  and  they  enable  the  cars  to  run  at  very  fair  speed 
even  on  grades  of  between  three  and  four  per  cent.  Of  course  a  S% 
grade  immediately  adds  S%  of  the  weight  of  the  car  to  the  tractive  force 
required  of  the  motor.  That  consideration  has  led  the  builders  to 
keep  on  increasing  the  size  of  the  motors  until  they  can  overcome  all 
obstructions,  both  in  summer  and  winter,  and  yet  have  surplus  power 
available  to  haul  trailers.  These  remarks  are  made  to  prevent  the 
impression  that  the  road  mentioned  in  the  paper  is  a  fair  example  of 
the  modern  electric  road;  the  power  provided  is  altogether  too  small. 

Mr.  BoNNETT. — The  brake  is  fully  described  in  the  paper  and  is  the 
general  idea  of  Professor  D.  H.  Jacobus,  of  Stevens'  Institute  of  Techno- 
logy. A  reference  to  the  table  on  page  312  will  show  that  the  tensions 
on  both  ends  of  the  rope  were  read  simultaneously  and  the  mean  used 
in  the  comj^utations. 

Mr.  Ejiery. — I  was  suspicious  that  a  construction  had  been  made 
in  which  one  end  of  the  rope  is  fixed  and  the  other  attached  to  a  spring, 
but  the  apparatus  described  appears  all  right.  The  efficiencies  stated 
are  altogether  too  low  for  pi'esent  practice.  The  efficiency  of  electric 
car  motors  as  made  at  present  will  run  to  90"o  in  many  cases  and  is 
rarely  reduced  to  less  than  70,",^,  even  when  double  gears  are  employed 
for  unusual  grades. 

A.  F.  Seaks,  M.  Am.  Soc.  C.  E. — I  confess  that  I  thank  Mr.  Bonnett 
for  giving  us  some  actual  figures  of  efficiency  of  electric  work  at  the 
circumference.  There  has  been  a  craze  on  the  subject  of  electricity. 
I  was  not  subjected  to  the  Daft  system;  I  built  the  Sprague  system. 
"We  were  told  that  one  150  H.  P.  boiler  would  furnish  us  all  the  steam 
required  for  our  dynamo,  and  we  would  only  have  to  use  100  H.  P. 
Before  we  had  had  it  in  operation  for  two  months  Ave  had  put  in  two 
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boilers  of  150  H.  P.  each.  I  am  glad  tliat  Mr.  Bonnett  has  given  us 
these  facts.  It  is  a  very  easy  matter  to  generalize  and  tell  us  we  can 
get  more.  I  know  we  began  with  two  15  H.  P.  motors  on  the  car  and 
had  to  go  to  twenty.  I  don't  see  that  this  indicates  that  we  get  any 
higher  percentage  of  efficiency  at  the  wheel. 

Mr.  EiiEEY. — When  one  undertakes  to  operate  a  small  electric  plant, 
the  losses  mount  up  very  high.  The  power  required  for  starting  a  car 
is  very  much  greater  than  that  needed  when  running.  With  a  small 
plant  the  engine  and  motors  used  must  be  ample  for  the  maximum 
power  and  be  operated  most  of  the  time  at  mean  power  with  consider- 
able loss.  W^ith  a  large  plant  the  variations  partially  balance  each 
other.  Improvements  have  also  been  made  whereby  the  later  motors 
do  not  take  so  much  current  at  starting.  Again  the  costs  are  large, 
for  the  reason  that  the  electric  cars  start  more  quickly  than  horse  cars 
and  on  the  average  run  faster.  Most  electric  roads  attain  a  greater 
average  speed  than  is  adopted  on  our  elevated  roads.  All  these  things 
have  to  be  taken  into  account  before  the  questions  that  arise  here  can 
be  properly  discussed.  I  hope  I  was  not  misunderstood  as  criticising 
the  paper  when  criticising  the  jjlant.  We  owe  a  vote  of  thanks  to  Mr. 
Bonnett  for  his  very  able  paper.  It  has  been  very  well  prepared;  it 
presents  facts  in  a  way  that  we  can  all  understand  and  he  is  entitled  to 
great  credit  for  it. 

Mr.  Bonnett. — I  would  say  in  conclusion  that  the  object  of  this  pajjer 
was,  not  so  much  to  place  the  results  obtained  in  comparison  with  those 
from  the  most  modern  and  improved  plants,  as  to  show  what  was  the 
record  of  fairly  good  practice  at  the  time.  In  the  car  tests  the  object 
aimed  at  was  to  show  the  method  of  making  the  necessary  adjustments  of 
the  instruments  used  in  the  tests,  and  the  results  show  the  power  taken 
to  propel  a  car  of  the  weight  and  at  the  speed  stated  in  average  service. 
In  the  efficiency  tests  more  importance  is  given  to  the  description  of 
the  apparatus  used  than  to  the  results,  as,  owing  to  the  rapid  advance 
of  electric-car  propulsion,  data  of  a  year  or  two  ago  are  almost  out 
of  date  now  excei3t  as  a  matter  of  record.  The  apparatus  used,  how- 
ever, furnishes  a  means  of  obtaining  a  measure  of  the  efficiency  of  the 
car  itself  in  actual  use,  as  it  includes  all  the  losses  of  power  except  the 
rolling  friction  of  the  wheels  on  the  track.  These  results  would  be 
obviously  much  nearer  the  commercial  efficiency  of  the  car  itself  than 
anv  based  on  a  mere  test  of  the  motor  without  the  necessarv  mechanism. 
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to  transmit  the  power  to  the  wheels  at  the  lower  speed  required.  I 
know,  a3  Mr.  Emery  states,  that  we  are  now  using  much  larger  and 
heavier  cars  and  more  jiowerf  ul  motors  than  those  quoted,  and  that  the 
improvements  due  to  the  great  advance  of  the  electric  power  industry 
tend  to  increase  the  efficiency  of  the  motors  and  gearing  employed. 
The  development  of  the  low-speed  motor  will  lead  to  one  in  wliich,  for 
ordinary  speed  of  street  traffic,  the  armature  can  be  placed  directly  on 
the  driving  wheel,  thus  dispensing  with  all  outside  losses.  "When  this 
result  is  arrived  at,  which  time  is  not  far  off,  and  either  a  light  storage 
battery  or  a  practical  system  of  power  transmission  to  do  away  with 
overhead  wires  and  their  attendant  damages  is  developed,  the  electric 
street  car  will  stand  at  the  head  of  methods  of  surface  rapid  transit. 
As  an  instance  of  modern  practice  I  would  quote  one  of  the  St.  Louis 
suburban  electric  roads  where,  with  modern  cars  and  equipment,  a  run 
of  8  miles  out  from  the  city  is  made  in  30  minutes  schedule  time. 

Probably  the  largest  electric  locomotives  yet  constructed  are  those 
now  being  built  by  the  Thompson-Houston  Company  for  the  Baltimore 
and  Ohio  Railroad  Company,  to  transfer  passenger  and  freight  trains 
through  the  City  of  Baltimore.  These  motors  have  the  armatures 
directly  on  the  driving  axles  and  at  a  speed  of  30  miles  per  hoiir  make 
about  170  revolutions  per  minute. 

Their  principal  dimensions  are  as  follows  : 

Diameter  of  driving  wheels . . . . , 5  ft. 

Service  speed 30  miles  per  hour. 

Size  of  conductors 8  sq.  in.  cross-section. 

Transmission  of  power Overhead  trolley. 

Pressure  of  current About  700  volts. 

Current 1  500   to  2  000  volts  per  motor. 

Weight  of  locomotive 90  tons. 

Electric  H.  P.  developed 1  500  H.  P. 

Drawbar  pull 40  000  lbs. 

I  have  been  asked  the  following  questions  by  Mr.  H.  V.  Hinckley,, 
M.  Am.  Soc.  C.  E. : 

1.  The  cost  of  the  road  in  detail. 

2.  The  cost  of  the  power  plant. 

3.  The  H.  P.  capacity  of  the  power  plant,  i.  e.,  boilers  and  engines.. 

4.  The  average  H.  P.  exerted  by  the  engine  in  the  jjower-house 
corresponding  with  the  average  5. 96  electric  H.  P.  shown  in  Table  No.  3. 
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In  answer  to  questions  1  and  2,  I  would  state  that,  since  these  tests 
were  made,  the  power  plant  has  been  entirely  destroyed  by  fire,  and 
the  road  has  passed  into  other  hands  and  has  been  entirely  rebuilt, 
the  present  equipment  being  of  modern  Thomi^son-Houston  pattern. 

As  to  question  No.  3.  The  service  varied  from  two  cars  in  winter  to 
from  12  to  15  cars  in  the  rush  season  of  Summer.  To  accommodate 
the  maximum  travel  the  plant  consisted  of  three  boilers  rated  at  85 
H.  P.  each,  and  four  engines  rMed  at  60  H.  P. ,  to  drive  four  dynamos 
of  50  H.  P.  (electrical)  each. 

As  to  question  No.  4.  No  test  was  made  of  the  boilers  and  engines 
at  the  time  of  these  tests,  the  wires  being  considered  as  reservoirs  of 
power. 

The  loss  due  to  running  a  small  plant  at  very  much  less  than  its 
maximum  capacity  is  plainly  shown  by  the  fact  that  at  the  time  of 
these  tests  four  cars  were  in  operation,  and  one  boiler,  two  engines  and 
two  dynamos  were  in  use  in  order  to  allow  for  two  or  more  of  the  cars 
starting  at  the  same  instant.  These  facts  are  very  well  brought  out  in 
Mr.  Emery's  discussion. 
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DISCUSSION  ON  THIN  FLOORS  FOR  BRIDGES. 

( Continued  from  page  514.  *) 
By  A.  F.  KoBiNSON,  M.  Am.  Soc.   C.  E. 

The  writer  has  used  a  floor  similar  to  the  one  shown  by  Mr.  Snow,, 
but  with  unsatisfactory  results.  Examinations  of  old  structures 
having  similar  floors  show  comparatively  poor  wearing  qualities  under 
even  ordinarily  heavy  rolling  loads. 

There  is  a  marked  difference  between  a  moving  load  of  from  2  000  to 
2  600  lbs.  per  linear  foot  of  structure,  as  used  for  highway  work 
and  the  heavy  loads  adopted  in  this  paper. 

The  equivalent  uniform  load  per  linear  foot  of  track  for  stringers 
and  floor  beams  is  as  follows: 

FoK  Stiongees. 

10-ft.  panel 9  600  lbs. 

12    "       "      10  000    " 

14  "       "      9  796    " 

15  "       "      9  600    " 

16  "       "      9  375    " 

*  See  Paper  No.  659,  page  483. 
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With  maximum  end  reactions  of  66  000,  75  000,  81  200,  84  000  and 
89  400  lbs.  respectively. 

For  Floor  Beams. 

10-ft.    panel 8  400  lbs. 

12    "       "       8  000    " 

14"       "       7500    " 

15"       "       7250    " 

16    "       " 7  140    " 

The  number  of  i-in.  ii-on  field  rivets  requii-ed  at  each  end  of  each 
stringer  and  floor  beam  for  live  loads  only  is  for  the  short  jjanels- 
above  noted  about  as  follows: 

Strtngebs, 

10-ft.   panel  requires 10  rivets. 

12    "       "  "        12      " 

14  "       "  "        12      " 

15  "       "  "        13      " 

16  "       "  "        13      " 

Beams. 

10-ft.  panel  reqiiires 25  rivets. 

12    "       "  "        28 

14  "       "  "        31       " 

15  "       "  "        32       " 

16  "       "  "        34       " 

When  the  distance  from  base  of  rail  to  clearance  line  is  only  2  ft.,^ 
the  beams  can  seldom  be  more  than  21  ins.  deep  and  stringers  15  ins. 
Under  the  assumed  moving  loads  the  deflection  of  beams  and  stringers 
will  be  comparatively  large.  The  rivets  connecting  inner  channels  of 
bottom  chord  to  beams  will  work  loose  in  a  short  time.  There  will 
also  be  trouble  getting  ten  good  rivets  into  stringer  connections  even 
by  using  bracket  angles. 

Any  one  questioning  these  statements  would  have  his  doubts  re- 
moved by  a  careful  examination  of  some  of  the  bridges  in  and  around 
Chicago. 

The  12  X  12-in.  timbers  were  placed  11  ft.  6  ins.  apart,  to  clear 
rotary  snow  plows.  For  a  clear  width  of  14  ft.  they  will  also  act  as 
guards. 
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Owing  to  an  error  in  laying  out  post  the  clear  width  between  ends 
of  bottom  chord  pins  at  middle  panel  is  only  13  ft.  10  ins.  instead  of 
14  ft. ,  but  as  pin  is  near  the  rail  it  was  not  changed. 

The  width  of  an  ordinary  fiat  car,  out   to   out, 

is  about 8  ft.  10  ins. 

Length  of  axles  or,  out  to  out,  of  boxes  is. . .    7  "     3  " 

Distance  outer  edge  of  flat  car  to  end  of  axles 

is  thus 9|  " 

Actual  clear  width  of  center  panel 13  "  10  " 

Distance  between  guard  timbers 11"     6" 

Distance  from  inner  face  of  guard  timbers  to 

clearance  line  is 1  "    2  " 

The  writer  feels  justified  in  assuming  that  the  lower  parts  of  truck 
frames  and  housings  would  strike  the  guard  timbers,  as  ordinary 
wheels  are  seldom  more  than  33  ins.  in  diameter.  If  this  be  not  the 
case,  then  it  is  simply  an  error  of  judgment  and  can  be  remedied  by 
increasing  the  depth  of  guard  timbers  to  14  ins. 

These  timbers  keep  the  ties  from  moving  endwise  and  also  keep 
them  from  springing  uj)  and  down  under  passing  trains. 

It  should  be  remembered  that  the  timbers  act  as  guards  only  after 
the  inner  guards  have  failed;  they  are  the  "last  resort."  Passenger 
coaches  seldom  get  beyond  the  inner  guard  rails,  so  are  not  provided 
for  above. 

The  following  sketch  shows  the  parapet  tie  mentioned  by  the  writer : 


s^to^. 


ITXe  blaofCj    a/re   lo  ^  kutc^ned   tc    t'e-  by  /ci/e-    Go 
jpi/Ce^     aX  ecvcJv  emxL 


It  is  very  easy  to  keej)  all  ballast  from  getting  under  the  tie  by  stand- 
ing a  small  plank  edgewise  on  parapet  next  to  the  ballast  side  of 
the  tie. 

The  writer  has  yet  to  hear  of  the  first  2x12  ins.  x  3  ft.  block  crush- 
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ing  out  from  under  a  tie,  and  he  knows  of  quite  a  number  of  bridges 
where  ther  are  standing  under  heavy  fast  service. 

As  to  the  queries  of  Mr.  Leverich,  the  writer  has  the  weights  of  a 
147 i  ft.  through  pin-connected  span  with  solid  floor  and  stiflf  lower 
chord  as  Mr.  Leverich  proposes  using.  The  span  is  made  for  a  some- 
what lighter  moving  load  than  the  one  used  in  this  paper,  but  the 
bottom  chords  weigh  about  20  lbs.  per  linear  foot  of  span  more  than 
the  bottom  chords  and  stringers  shown  in  the  plans.  If  there  is  any 
uncertainty  as  to  how  the  imposed  stresses  act  in  the  bottom  chords 
and  stringers,  does  not  the  same  uncertainty  exist  in  the  case  of  those 
having  chords  that  act  as  track  stringers,  or  pin-connected  spans 
having  four  lines  of  track  stringers? 

Also,  in  most  of  our  heavy  city  bridges  the  outer  lines  of  stringers 
are  placed  as  near  to  the  posts  as  possible  and  riveted  to  beams 
through  the  webs,  thus  making  the  rivets  in  direct  tension  when  the 
chords  elongate.  The  outer  stringers  in  the  last  two  cases  do  not 
show  signs  of  weakness  any  sooner  than  the  others  in  the  same 
structures. 

Will  the  elongation  of  the  lower  chord  under  a  passing  train  cause 
an  excessive  strain  in  the  riveted  connections  of  the  stringers  to  the 
posts? 

The  writer  believes  that  while  there  may  be  a  slight  tendency 
in  this  direction,  it  is  not  serious.  In  the  bridge  under  discussion  the 
worst  possible  case  would  be  in  the  middle  panel  where  the  maximum 
elongation  of  the  chord  would  not  be  quite  ^  in.  If  desired,  this  can 
be  entirely  overcome  by  slotting  the  holes  in  stringers  or  posts  and 
using  turned  bolts  instead  of  rivets  for  the  connections.  In  the 
plans  the  pedestal  connections  of  stringers  have  slotted  holes  (see 
Plate  n). 

Stiff  bottom  chords  were  used  by  the  writer  in  the  truss  spans 
of  the  Clyde  viaduct,  but  were  abandoned  in  his  subsequent  studies 
for  the  following  reasons : 

First. — At  the  time  it  seemed  that  a  good  floor  could  not  be  made  in 
which  the  distance  from  base  of  rail  to  clearance  line  should  be  less  than 
about  18  ins.  and  one  not  more  than  12  ins.  was  desired.  On  account  of 
the  large  flange  area  required  by  its  action  as  a  stringer,  the  bottom 
chord  must  be  made  in  double  I  sections.  This  will  make  it  imjjos- 
sible  to  susj)end  the  floor  below  the  bottom  chord  by  angles  riveted 
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to  the  inner  faces  of  the  webs.  We  are  thus  almost  compelled  to  carry 
the  floor  on  shelf  angles  riveted  to  the  webs  of  the  bottom  chord  above 
the  vertical  legs  of  the  lower  flange  angles,  or  outside  the  latter  on 
same  row  of  rivets. 

Second. — The  floor  could  not  be  put  into  position  without  inter- 
rupting traffic  to  a  greater  or  less  extent,  unless  the  span  was  erected 
at  one  side  and  slid  over  into  place  after  the  track  and  the  old  structure 
were  removed. 

Third. — The  large  number  of  field  rivets  in  the  splices  make  erec- 
tion slow  and  expensive.  Hand-driven  field  rivets  in  chord  splices  are 
in  most  cases  apt  to  be  a  source  of  weakness. 

Fourth. — ^In  this  type  of  pin-connected  spans,  the  web  members,  at 
jjanel  points,  must  be  packed  inside  of  chords.  The  bottom  chords 
as  a  result  are  some  distance  out  from  posts  and  the  bending 
moment  caused  by  stringer  reactions  requires  the  use  of  very  large 
pins. 

Solid  floors  have  been  used  for  a  great  many  years  in  Europe,  and 
generally  they  have  been  covered  with  ballast.  There  are  veiy  few 
cases  of  failure  on  account  of  rust,  even  when  quite  severely  tried. 
When  the  floor  is  used  without  ballast,  there  should  be  comparatively 
little  trouble,  as  all  parts  can  be  well  painted  when  the  ties  are 
renewed  and  hot  coal  tar  can  be  used  each  year. 

The  writer  tried  and  abandoned  the  plan  shown  by  Mr.  Thomson 
(Plate  V,  Fig.  4).  This  plan  was  not  adopted  because  of  the  diffi- 
culty, first,  in  making  the  bed-plate  connections  of  the  main  girders, 
and,  second,  in  properly  driving  the  field  rivets,  since  they  are  below 
the  tops  of  the  boxes  and  below  the  bottom  flange  of  girder. 

It  is  gratifying  to  know  that  we  can  use  these  square  boxes  for 
floor  and  ballast  in  such  a  manner  that  the  ties  can  be  tamped  up 
when  necessary.  The  writer  was  unable  to  demonstrate  this  part  in 
such  a  manner  as  to  secure  its  adoption. 
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DISCUSSION  ON  "THE  STRENGTH  AND  WEATHER- 
ING QUALITIES  OF  ROOFING  SLATE."* 


By  Geoege  p.  Mekkixl,  Esq.,  and  Edwabd  H.  Wtt.t.tams,  Jr.,  Esq. 


Geo.  p.  MERKTLii,  Esq. — I  have  read  "with  great  interest  Prof.  Mer- 
ximan's  paper,  read  at  the  September  meeting  of  the  Society.  So  far 
as  I  am  aware  these  are  the  most  systematic  tests  of  their  kind  that 
have  been  undertaken  in  this  country,  and  I  cannot  refrain  from 
publicly  congratulating  all  interested  on  the  thorough  knowledge 
shown  as  to  the  character  of  tests  desired,  as  well  as  on  the  careful 
and  conscientious  manner  in  which  they  have  been  carried  out. 

But  it  is  not  necessary  that  I  waste  time  in  complimentary  phrases. 
We  are  all  interested  in  the  accomplishment  of  a  good  work,  and  while 
fully  appreciating  the  advisability  and  even  necessity  of  at  times 
offering  encouragement  to  a  worker  in  any  special  field,  I  feel  that  the 
end  in  view  Tvill  in  the  present  case  be  best  subserved,  if,  without  fur- 
ther delay,  I  mention  one  or  two  instances  in  which  the  tests  are  not 

*  See  Paper  No.  551,  Vol.  XXVII,  page  331. 
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quite  as  complete  as  could  be  desired,  and  also  some  points  which  were 
not  touched  ujion  at  all. 

Prof.  Merriman  has  well  said  that  chemical  results  as  ordinarily 
obtained  are  difficult  of  interpretation.  The  present  instance  is,  as  it 
seems  to  me,  no  exception,  and  I  will  venture  to  speak  on  this  point 
first.  The  jaresence  of  lime  and  magnesia,  as  shown  by.  the  analyses, 
does  not  necessarily  indicate  the  presence  in  the  slate  of  free  carbonates 
of  either  substance,  since  it  is  possible  both  elements  might,  in  part,  be 
in  combination  as  silicates  (mica,  talc,  feldspars,  etc.),  which  are  not  in 
themselves  injurious  constituents.  Neither  can  the  carbonic  acid 
(C  O.,)  be  safely  relied  upon  as  all  combined  with  either  of  these 
elements,  since  nearly  all  dark-colored  slates  contain  more  or  less 
organic — -carbonaceous — matter.  In  my  own  mind  the  j)resence  or 
absence  of  free  carbonates  of  lime,  magnesia  or  iron  are  matters  of 
great  imjjortance^  and  should  always  be  made  the  subject  of  indepen- 
dent test,  since  these  are  the  forms  which  are  deleterious.  The  amount 
and  character  of  the  organic  matter  are  also  of  importance,  but  do  not 
seem  to  be  touched  upon  in  the  series  of  experiments  tander  discus- 
sion. It  is  ordinarily  assumed  that  the  dark  color  of  slates  is  due  to 
organic  matter,  though  it  is  possible  that  it  may  be  in  part  due  to 
manganese  oxide.  Yet  some  of  our  dark  slates  fade,  on  exposure,  much 
more  than  others.  It  would  be  interesting,  therefore,  to  learn  the 
amount  of  carbonaceous  matter  in  the  slates,  and  also  if  the  fading  be 
due  to  the  bleaching  out  of  this  constituent,  as  in  some  of  the  dark- 
colored  limestones.  It  may  be  well  to  add  that,  so  far  as  my  own 
observations  go,  some  of  the  red  and  greenish  slates  fade  full  more- 
than  do  the  bhie-black  varieties. 

I  am  further  inclined  to  think  that  much  may  be  learned  from  an 
examination  of  thin  sections  under  the  microscope.  We  want  to  know, 
not  merely  what  are  the  constituents  of  the  slate,  but  in  what  form 
these  constituents  exist.  For  instance,  the  chemical  analysis  of  an 
ordinary  fire-clay  and  a  roofing  slate  may  not  vary  in  any  essential 
particular,  excepting,  perhaps,  the  amount  of  included  moisture.  Yet 
it  is  scarcely  necessary  to  state  that  they  woiald  vary  widely  in  point 
of  durability  if  exposed  to  weather.  In  my  own  estimation  the  cause 
of  the  general  excellence  of  the  well-known  Peach  Blossom  slates  lies 
largely  in  the  fact  that  they  are  so  highly  metamorphosed  as  to  he- 
essentially  crystalline  schists,  rather  than  indurated  fragmental  rocks. 
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An  analysis  of  a  rock  of  this  type  must  be  subjected  to  quite  different 
interpretation  from  one  in  which  the  fragmental  nature  is  still 
prominent. 

Further,  it  seems  to  me  that  some  interesting  results  might  be 
brought  about  by  combining  the  tests  for  corrosion  and  elasticity,  /.  e. , 
if  the  specimens  first  tested  for  corrosion  could  be  subsequently  tested 
for  strength  also,  and  the  results  thus  obtained  compared  "with  those 
made  on  fresh  material.  The  purpose  of  all  tests  should  be  to  deter- 
mine, not  merely  what  slates  are  the  strongest  and  most  elastic  to-day, 
but  how  well  will  they  retain  these  qualities  when  exposed  to  the 
blistering  heat  of  summer  or  the  frosts  of  winter.  The  problem  is  far 
from  simple. 

In  conclusion,  let  me  express  my  gratification  at  the  results  so  far 
obtained,  and  also  the  hope  that  Professor  Merriman  may  be  able  to  con- 
tinue his  work,  so  well  begun,  on  materials  from  other  localities. 

Mr.  Edwaed  H.  Wzlliams,  Jr. — Professor  Merriman's  paper  is 
valuable  from  standpoints  not  noted  in  its  context,  because  foreign  to 
its  aim.  It  bears  out  a  rule  in  blasting,  that  the  softer  rocks  are  the 
tougher,  though  the  apparent  softness  or  hardness  may  lie  in  the 
variations  of  density  of  the  matrix,  the  size  and  shape  of  the  grains 
which  that  matrix  holds,  and  the  composition  of  the  matrix.  Abrasion 
tests  for  hardness  are  valuable  when  discussed  under  the  above  con- 
ditions, and  the  series  of  tests  made  by  Professor  Merriman  afford, 
data  for  discussion  and  allow  resxQts  to  be  obtained  that -bear  out- 
those  in  the  paper.  A  discussion  of  the  analyses  shows  at  once  that 
the  specimens  are  merely  admixtures  of  minerals — chiefly  quartz  sand 
and  clay — mth  a  binding  of  carbonates  and  iron  pyrites,  as  follows — 

Albion.  Bangoe. 

Quartz  sand 25.15  27.14 

Clay 54.00  55.49 

Iron  pyrites 1.31  0.87 

Carbonates 11. 71  13.47 

The  Albion  slates  are  more  porous,  as  shown  by  tests,  and  there- 
fore have  larger  grains  of  quartz  held  in  a  matrix  of  carbonates  and  a. 
considerable  amount  of  pyrite.  The  Bangor  specimens  have  smaller 
grains  held  in  a  softer  and  more  compact  cement,  as  there  is  a  smaller 
amount  of  pyrite  and  of  the  alkalies. 
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Tlie  above  conditions  allow  the  acids  to  penetrate  the  Albion 
slates  sooner  and  attack  the  pyrite,  which  decomposes  immediately,  to 
form  a  very  soluble  alum,  and  swells  in  so  doing  so  as  to  rupture  the 
surrounding  part  of  the  rock.  When  this  has  been  removed,  there  is 
a  large  admixture  of  alkalies  that^is  very  soluble  and  readily  goes  out, 
so  that  the  losses  in  the  Albion  slates  are  greater  at  the  outset.  The 
dense  Bangor  slates  resist  the  entrance  of  the  acid,  and  yield  more 
slowly  to  its  action;  but  when  once  thoroughly  soaked,  they  will  lose 
as  great  an  amount  of  soluble  substance  as  do  the  other  sj)ecimens. 
In  actual  practice,  however,  the  porous  slates  will  first  weather,  and 
the  Bangor  varieties  from  their  greater  compactness  will  give  better 
results  than  do  the  others. 

In  regard  to  "ringing  "  of  specimens,  little  can  be  told  unless  one 
is  thoroughly  acquainted  with  the  rock  in  question.  An  igneous  rock — 
phonolite — furnishes  good  slates  that  exhibit  so  high  a  sound  that  the 
rock  obtains  its  name  from  the  fact.  Phonolite  is  about  twice  as  hard 
as  clay  slate,  and,  in  general,  it  may  be  said  that  ringing  depends  more 
on  the  hardness  and  shape  of  the  rocks  than  on  their  toughness.  As 
toughness  is  the  quality  desired  for  roofing  slates,  it  may  furnish  an 
adverse  result  if  we  decide  upon  the  ringing  quality  alone. 


^\f.^ 
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